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FOREWORD 
This $196,000 Spacc Industrialization Study was performed under NASA Contract NASS-32198 
for Marshall Space Flight Center from Septembcr 1976 through April 1978. The study was in two 
parts: Part 1 identified the potential goals- for space industrialization and developed and assessed 
edolutionary program options for realization of those goals; Part 2 defined program support 
demands, evaluated and defined the leading program options, and developed recommendations for 
program implementation. The study results are documented in four volumes: 
1. Executive Summary 
2. Space Industrialization Background, Needs, and Opportunities 
3. Space Industrialization Implementation Concepts 
4. Appendixes 1 
The Rockwell study ndnager was Mr. C.L. Gould. Other key Rockwell participants were A.D. 
Kazanowski and T.S. Logsdon. Additional support was provided by D.B. Anderson, C.R. Gerber, 
and T..4. Sackinger. Many others helped in various ways. They included the following key 
consultants: 
Dr. Krafft Ehricke Dr. Charles Cheeseman Dr. Gerard O'Neill 
Space Global, La Jolla, CA Ckneral Electric, Princeton University, Princeton, NJ 
Dr. Reed Powell Valley Forgi . PA Dr. Delbert Smith, ].I)., Space Law 
California Polytechnic Dr. Ernst Stuhltnger Madison, W1 
University, University of Alabama, D~. Kerry Joels 
Pomona, CA Huntsville, AL NASA/Ames Research Center, CA 
The study was performed under the technical direction of C.C. Priest, Marshall Space Flight 
Center. Mr, J. von Puttkamer was the overall program manager at NASA Headquarters, Office of 
Space Transportation Systems. Major contribut~ons were also mzde at special working group 
meetings by the fo1lowir.g: 
Andrew Adelman 0 
ISM 
Dr. Bertrand Chatel 0 
United Nations 
Debbie Donahue 
President, Student Chapter 
of AIAA, 
Universtiy of  Ca1if:)rm 
at lrvine 
Bonnie Dunbar Barbara Marx Hubbard 
Rockwell International Committee for the Future, 
Fredrick Durant 111 Washington, D.C. 
Smithsonian Irtstitution, Walter Morgan 
Air and Space Museum Comsat Corporation 
Clarence Hill 
Rockwell International 
- 
Inquiries regarding the study should be addressed to the following: 
Claude C. (Pete) Pries1 
NASA-Marshall Space C'11gt1t Center 
Attention: PS04 
Huntsville, AL 35S! 2 
Telephone: (205) 453-27' 6 
C. L. (Chuck) Gould 
kxkwel l  Internat~onal 
1 22 14 Ldkewond Boulevard 
Downey, CA 9024 1 
Telephone : (2 13) 594-3 560 
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STUDY APPROACH AND WORK BREAKDOWN STRUCTURE 
#ijl@ ROC, ,ntemational 
Space Division 
STUDY APPROACH AND WORK BREAKDOWN STRUCTURE 
The complex t a s k  of looking 50 yea rs  i n t o  t h e  f u t u r e  and determining a 
recommended approach t o  t h e  i n d u s t r i a l i z a t i o n  of space  i s  presented i n  a n  
overview form i n  Figure  A-1. We undertook t h e  t a s k  wi th  h u m i l i t y  and do n o t  
pre tend t o  t a k e  f u l l y  i n t o  account a l l  t h e  socio-economic, technology,  and 
p o l i t i c s  of world wide e a r t h  and i n f i n i t e  space .  
Our work s t a r t e d  w i t h  two p a r a l l e l  pa ths :  one looking i n t o  t h e  f u t u r e  f a r  
t r e n d s  and needs and t h e  o t h e r  sea rch ing  f o r  space o p p o r t u n i t i e s  t h a t  techno- 
l o g i c a l  f o r e c a s t i n g  could f o r e s e e .  Previous  work on both  s u b j e c t s  is  voluminous 
and w e  read most of i t .  The problem was t o  g e t  from t h e  genera l  t o  t h e  s p e c i f i c  
and from t h e  i n f i n i t e  t o  a r easonab le  approach t h a t  could b e  understood and 
supported.  Two kinds  of sc reen ing  were used,  a narrowing proce.ss t h a t  i d e n t i -  
f i e d  t h e  b e s t  of  t h e  o p p o r t u n i t i e s  and a n  i n t e g r a t i n g  process  t h a t  allowed a 
very  few d i r e c t i o n s  of  hardware/technology flow t o  accomplish m u l t i p l e  oppor- 
t u n i t i e s  and b r i n g  about t h e i r  b e n e f i t s .  
The d i r e c t i o n  we want t o  head and t h e  pace a t  which w e  want tc; proceed a r e  
c r i t i c a l  t o  t h e  process .  Fundamental t o  both  is  t h e  age-old q u e s t i o n  of major 
a t t e n t i o n  t o  immediate needs ve r sus  the  f o r e s i g h t  t o  s a c r i f i c  some of today f o r  
a b e t t e r  tomorrow. Also fundamental is t h e  p o s s i b i l i t y  of a major event -- l i k e  
a war, c l i m a t e  change, end-of-aging drug,  e t c .  We p o s t u l a t e d  s i x  program 
o p t i o n s ,  four  based on immediate c r i s i s  response  and f o r e s i g h t  and one on 
c l ima te  change h u r t i n g  t h e  nor the rn  hemisphere. Another program op t ion  was 
based on c o m o n a l i t y  a c r o s s  t h e  o t h e r  f i v e .  
By t h e  t i m e  you cons ide r  s i x  program ph i losoph ies ,  60 o p p o r t u n i t i e s ,  t h r e e  
r a t i n g s  of  importance,  and f i v e  r a t i n g s  of r a t e  -- a l l  d iv ided f n t o  f i v e  t ime 
frames, you can g e t  about 5000 s e p a r a t e  d e c i s i o n s  f o r  each op t ion .  We made 
these  and exposed a t  l e a s t  100 people i n t o  t h e  r e s u l t s  -- i n  complicated r e p o r t s  
and extended working group s e s s i o n s .  The i r  response and our  judgment l e d  t o  
t h e  pre l iminary  r e s u l t s  summarized i n  t h e  main body of t h i s  r e p o r t .  I n  a d d i t i o n ,  
a pre i iminary  hardware implementation scheme i s  shown, based h e a v i l y  on f u l l  
u t i l i z a t i o n  of  t h e  S h u t t l e ,  minimum c o s t  over  t h e  whole time pe r iod  cons ide red ,  
and d r iven  heav i ly  by t h e  s t e p s  we need t o  t a k e  t o  make c r i t i c a l  energv 
d e c i s i o n s  i n  t h e  next  few years .  
A t  t h e  end of P a r t  I ,  Rockwell and SAI had each developed v a r i o u s  i n d i v i -  
dua l  program o p t i o n s  f o r  t h e  f u t u r e  space i n d u s t r i a l i z a t i o n  program. Up t o  
t h i s  po in t  t h e  e f f o r t s  o f  t h e  two c o n t r a c t o r s  were purposely  kept  s e p a r a t e  s o  
t h a t  t h e  v a r i o u s  o p p o r t u n i t i e s  f o r  t h e  i n d u s t r i a l i z a t i o n  of space could be  
s t u d i e d  t o  a reasonable  l e v e l  of d e t a i l  from two d i s t i n c t  v iewpoints .  However, 
a t  t h e  end of P a r t  I of t h e  s t u d y  i t  seemed more a p p r o p r i a t e  t o  merge t h e s e  
two e f f o r t s  i n t o  a s i n g l e  concentra ted  a s s a u l t  f o r  P a r t  11. Accordingly,  a 
s e r i e s  of meetings was held  i n  which Rockwell, SAI, and NASA r e p r e s e n t a t i v e s  
developed a new s e t  of program op t ions  combining elements from t h e  op t ions  
which has  been developed s e p a r a t e l y  i n  P a r t  I. 
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As a result of these meetings three new program options were syntheslzed 
(See Figure A-2) : 
a. Energy program leadership 
al. Emphasis on lunar materials 
a2. Emphasis on terrestrial materials 
b. Energy program technclogy development only - implementation delayed 
until 1987 decision point 
c. No major commitment to the development of the energy program 
(studies only) 
As can be seen from this list, decisions regarding the energy options 
(particularly SPS) are fundamental to the scope and emphasis of the future 
space industrialization program, In particular, if either version of Option A 
is adopted, the program will be much larger and more ambitious than if the 
large-scale energy options are abandoned early in the program. 
By mutual agreement most of the emphasis in Part I1 was placed on Option 
B, in which a firm SPS go/no go decision on the SPS was purposely delayed 
until 1987. Once these preliminary cooperative matters had been settled, the 
necessary hardware concepts were developed in sufficient depth to allow esti- 
mates of their weights and complexity levels; these estimates, in turn, were 
used in a series of cost estimating relationships to obtain fairly realistic 
time-phased cost estimates for the major elements in each program estimc~te. 
With these designs and the resultant time schedules and cost estimates, 
it was possible to evolve a single sensible program of space industrialization 
that could be implemented and sold, 
The salient features of this recommended program were then summarized in 
several different ways to encourage communication to a variety of groups. For 
example, a technically oriented program definition mode of commnnication was 
defined including work breakdown structures, costs and schedules, and necessary 
near-term technologies that would be appropriate for the technical community 
and aerospace professional. A mode of presentation centering on the societal 
benefits of the program would be more appropriate for government and industry 
leaders. And a mode of presentation oriented around the participaticn of 
various governmental agencies and other world agencies would be more appropri- 
ate for delivery to bureau chiefs and other specialized personnel. 
WORK BP.EAKDOWN STRUCTURE 
The initial work breakdown structure (WBS) used in this study is shown in 
Figure A-3. The work breakdown structure shows the elements costed. Cost 
estimates - both non-recurring and recurring - were develaped for the space 
segment, ground segment, transportation, and operations for each of the 
recommended opportunities. 
PR
OG
RA
M 
OP
TI
ON
 7
 
PR
OG
RA
M 
OP
TI
ON
 Y
 
PR
OG
RA
M 
OP
TI
ON
 X
 
OP
PO
RT
UN
IT
IE
S 
EV
AL
UA
TI
ON
 b
 I
NT
EG
RA
TI
ON
 
FE
AS
IB
IL
IT
Y 
R
IS
K
 (W
HA
T 
IF
) 
*
SO
CI
O-
EC
ON
OY
IC
S 
.
.
 
-
-
 
Q
I 
-
-
.
 
TO
 C
OM
MU
NI
CA
TE
 
 
PRO
GRA
M DE
F I
N
 IT
 IO
N 
$ 
BE
NE
FI
TS
 D
EF
INI
TIO
N 
\I
P
A
R
T
IC
IP
A
N
T
S
 
RO
LE
S 
AN
D 
IM
PL
EM
EN
T 
TH
IS
 
WB
S 
PR
OD
UC
TS
 
NA
SA
 
PR
OG
RA
M,
 
NA
SA
 N
EE
DS
: 
CO
ST
S 
SE
RV
IC
ES
 
OT
HE
R 
U. 
S. 
GO
VT
 
SC
HE
DU
LE
S 
EN
ER
GY
 
*U
.S,
 
IN
DU
ST
RY
 
.
TE
CH
NO
LO
GI
ES
 
NE
ED
ED
 
*
OT
HE
R 
GO
VE
RN
ME
NT
S 
FL
YS
HE
ET
 S
OW
'S 
FO
R 
NE
AR
-T
ER
M 
UN
, 
WO
RL
D 
BA
NK
, 
ET
C*
 
F
ig
ur
e 
A-
2.
 
Ro
ck
we
ll
 S
pa
ce
 I
nd
us
tr
ia
li
za
ti
on
 P
ar
t 
2 
Lo
gi
c 
Fl
ow
 

8. NEEDS SUMMARY 
APPENDIX B: 
NEEDS SUMMARY 
Rockwell lntematlonal 
SQeCeGvision 
NEEDS SUMMARY 
Throughout t h e  time i n t e r v a l  I n  which t h e  background scenario was being 
assembled, v a r i o u s  needs of mankind were c o n s t a n t l y  be ing  d i scussed  by t h e  
members of t h e  a n a l y s i s  team. However, a c t v a l  work on t h e  hdman ~ e e d s  s e c t i o n  
of t h e  s tudy was purposely delayed u n t i l  t h e  team members had an oppor tun i ty  t o  
d i g e s t  and r e f l e c t  on t h e  background s c e n a r i o  and t o  develop c l e a r  n o t i o n s  on 
t h e  probable  course  of va r ious  f u t u r e  l a rge - sca le  human e n t e r p r i s e s .  The r e s u l t s  
of  t h e s e  thought p rocesses  a r e  summarized i n  TabL 1 through 5. Note t h a t  
t h e  t a b l e s  a r e  l a b e l e d  "Problem So lu t ion  Goals/Ob j e c t i v e s  . I t  This  r a t h e r  devious 
t i t l e  was s e l e c t e d  t o  avoid a moot d i s c u s s i o n  of real needs versus  desirec t h a t  
might r e s u l t  i f  t h e  l ists were more simply t i t l e d .  Note a l s o  t h a t  time frames 
a r e  ass igned t o  each item. A s h o r t  time frame corresponds t o  a need i n  the  next  
decade. A medium time frame corresponds t o  a need i n  t h e  l a t e  1980's  o r  t h e  
e a r l y  1990's  and a long time frame corresponds t o  a need beyond t h e  y e a r  2000. 
The needs l i s t e d  i n  the  va r ious  t a b l e s  a r e  d ivided i n t o  f i v e  s e p a r a t e  
c a t e g o r i e s  : 
1. Popula t ion 
2.  I n d u s t r i a l  Production 
3. Food 
4. Energy 
To sone zxtent  these  c a t e g o r i e s  were s e l e c t e d  a f t e r  t l : e  f a c t  s o  t h a t  the  v a r i o u s  
e n t r i e s  could be  grouped f o r  e a s i e r  a s s i m i l a t i o n .  Note t h a t  the  s t r u c t u r e  and 
wording of t h e  i n d i v i d u a l  i tems i n  eacn l is t  were inf iuenczd t o  some e x t e n t  by 
t h e  foreknowledge t h a t  t h i s  was a s tudy  of advanced space technology.  In o t h e r  
words, t h e  team members developed the  v a r i o u s  i tems i n  Tables  1 through 5. 
f u l l y  cognizant  of the  f a c t  t h a t  t h e  i tems l i s t e d  were t o  be used t o  t r i g g e r  
f u r t h e r  i d e a s  on the p o t e n t i a l  uses  of space  t o  s o l v e  some of t h e  problems of 
mankind. On t h e  o t h e r  hand, t h e  l ists ware n a t  s t r i c t l y  confir=;  tv  those  
problems t h a t  were obviously amenable t o  s o l u t i o n s  from space. 
The primary purpose of t h i s  p a r t  of t h e  s tudy was t o  s t i m u l a t e  i d e a s  f o r  
f u r t h e r  a n a l y s i s .  I t  is suggested t h a t  t h e  reader  not  b e  over ly  concerned wi th  
the  s p e c i f i c  breakdown of t h e  l ists,  t h e  o rde r  of the  i tems,  o r  even the  t o t a l  
completeness o r  wording of t h e  i n d i v i d u a l  i tems.  I f  t h e  itenis l i s t e d  s t i m u l a t e  
f u r t h e r  i d e a s  f o r  o p p o r t u n i t i e s  i n  spacz then t h i s  e x e r c i s e  w i l l  have served i t s  
in tended purpose. I f  n o t ,  no amount of r e s t r u c t u r i n g  o r  r e v i s i o n  of  the  
i n d i v i d u a l  i tems o r  t h e i r  groupings would be of any noteworthy consequence. 
Table 1. Problem Solut ion Goals/Objectives - Population 
(Demograph i c, Soc i a 1 , Socio-Economi c, and 
Time Frame 
Long 1. Standardize languages/dialects 
Short 2. Improved education/job market synergism 
Short 3. Ski 11  education (improvement) 
Short 4. S k i l l  education (newjob)  
Medium, 5. Develop self-contained packages on s p e c i f i c  subject  
matter and make un i ve rsa l l y  ava i l ab le  
Hed i um 6. Develop sys tem f o r  disseminat ing in format ion and 
eddcation t o  remote v i  1 lages 
Long 7. Record evolut ionary development 
Long 8. Compile and document c u l t u r a l  i d e n t i t y  
- Long 9. Compile and document e thn ic  i d e n t i t y  
Short 10. Entry o f  low s k i l l s  i n t o  product ive work 
Med i urn 11.  Better  u t i l i z a t i o n  o f  female s k i l l s  (no a r t i f i c i a '  
barr iers,  be t te r  c h i l d  care, etc.) 
Short 12. Bet ter  u t i l i z a t i o n  of knowledge an2 s k i l l s  even 
a f t e r  ret i rement 
Short 13. Bet ter  u t i l i z a t i o n  of handicapped 
ShortIYed. 14. Optimum mix of do- i t-yoursel f and special  sk i  11  j 
( labor costs and tax  s t ruc tu re  may be fo rc ing  too 
much bung1 ing, t irne-consuming do- i t-yoursel f )  
Short IS. Improved p roduc t i v i t y  o f  United States' workers 
Short 16. Product iv i ty  incent ive ( recogni t ion,pay,  
promotion, etc.) 
Legend : 
Short - Needed and real  l y  should (or could) be done w i t h i n  the next 10 years. 
Medium - Late 1980's or  ear ly  1990's. 
Lorig - Year the tu rn  o f  the century or  beyond. 
Rockwell International 
SpaCeDivision 
Med i urn 17. 
Ned i urn 18; 
Optimum work s h i f t s  
F l e x i b i l i t y  o f  assignments (assigning the r i g h t  
s k i l l  t o  a problem even i f he l i v e s  i n  Chicago 
and the problem i s  i n  Pi t tsburgh)  
Short 19. 
Short 20. 
Short 21. 
Fewer in te r rup t ions  and d i s t rac t i ons  fo r  workers 
Qu ie ter  environment f o r  workers 
Ret ter  access t o  e x i s t i n g  data and designs 
(doni t re- invent  the wheel) 
Improved pub l i c  safety and law enforcement methods 
Schemes f o r  keeping t rack  o f  the d i spos i t i on  o f  
c r im ina ls  i n  our c r im ina l  j u s t i c e  system t o  assure 
s w i f t  and f a i r  treatment 
Short 24. Methods f o r  insurin, tha t  the country 's recreat iona l  
f a c i l i t i e s  are b e t t e r  u t i l i z e d  and less crowded 
Safe, e f f e c t i v e  b i r t h  cont ro l  methods which can be 
used by uneducated populat ions 
Med i urn 26. 
Short 27 
Shot- t 28. 
Develop s t i m u l i  f o r  populat ion cont ro l  up/down 
A morning-after p i l l  
New communication techniques t o  disseminate information 
on the best ava i l ab le  b i r t h  cont ro l  techniques 
Med i um Lrss r i s k y  abor t ion techniques requ i r ing  l i t t l e  o r  no 
professional exper t ise 
Schemes fo r  se lec t ing  the sex of unborn ch i l d ren  so tha t  
fami l ies  don' t  have seven boys t r y i n g  f o r  a g i r l  (or  
v i  ct-versa) 
Long 
Med i urn 31 
Med i urn 32 
Med i um 33 9 
Provide pe r iod i c  medical check-ups f o r  world populat ion 
Es tab l ish  remote, automated d iagnost ic  cent. s 
Establ i sh  disease warning network 
Hed i urn 34 
Hed i urn 36. 
Long 37. 
Long 38. 
Long 39- 
Long 40. 
Long 41. 
Long 42. 
Hed . /Long 44. 
Med i urn 45 
Long 46. 
Long 
New techniques f o r  the relnote medical monitor ing of 
the bod i l y  funct ions o f  rndiv iduals who are re-  
cuperat ing from serious i I lnesses o r  su f fe r i ng  from 
chronic co rd i t i ons  
Wider use o f  paramedics e lec t ron  i c a l l  y l inked t o  
c e n t r a l l y  located medical experts who can provide 
instantaneous medical supervision and advice 
Develop computer-aided medical treatment 
Develop f luorocarbon blood subs t i t u te  
Non-touching l e v i t a t i o n  f o r  burn v i c t i m  
Heans o f  re1 iev ing  body stresses (g rav i ty )  f o r  hea l th  
recovery 
Completely safe environment f o r  genet ic and v i rus  
research 
Search and i d m t i f y  new pathogenic bac ter ia  and v i ruses 
Develop vaccines f o r  pathogenic v i  rus ( ~ a s s a / ~ r e e n  
Monkey Fever) 
Develop rodent and disease vector populatior, 
expansion detectors 
Develop rodent and disease vector cont ro l  
technology/systems 
Develop cont ro l  f o r  schistosomiasis 
Assure p a r t i c i p a t i o n  i n  mankind's quests: 
a Explorat ion of  space 
a Explorat ion of  sea bottom 
Iden t i f y  new, e f f i c i e n t  l i v i n g  areas 
a Climate 
0 Energy sources 
Food sources 
Meaningful employment 
Long 
Hed i urn 
Hed. /Long 
Short  
Med. /Long 
Med i urn 
Short  
~ i ; n ~  
Long 
Med. /Long 
Shor t/Long 
Med. /Long 
Short/Med. 
Med i um 
Short  
Rockwell International 
Space Owision 
Develop p r o j e c t i o n s  o f  socio-economic impacts o f  
c l  ima t i c changes 
Personal, p o r t a b l e  coinmunicatfons systems which a l l o w  
t he  user t o  be reached even i f  the  c a l l e r  doesn ' t  
know where he i s  loca ted  
Transpor ta t ion  f a c i l i t i e s  which a re  more immune t o  
the  changes i n  the  weather (e-g. ,  freeways and a i r p o r t s )  
Improved search and rescue methods f o r  l o c a t i n g  l o s t  
campers, downed a i rp lanes ,  capsized boats, e tc .  
E l e c t r o n i c  shopping procedures 
New methods f o r  t he  t r a n s f e r  o f  da ta  i n  gagabi t 
q u a n t i t i e s  from one computer i n s t a l l a t i o n  t o  another 
by remote means 
Rapid tamper-proof mzthods o f  c r e d i t  v e r i f i c ~ t i o n  
and personal  v e r i f i c a t i o n  (cheap, sure and qu ick )  
E l e c t r o n i c  systems f o r  the  d i s t r i b u t i o n  o f  ma i l  
Remote c o n t r o l  techniques f o r  dangerous o r  remotely 
loca ted  machines i nc l ud ing  those t h a t  a re  located l q  
the space f l i g h t  environment 
E l i m i n a t i o n  o f  the  b a r r i e r s  o f  t r a v e l  f o r  a l l  k inds  o f  
i n te rpersona l  (non- touching) r e l a t i o n s h i p s  
Less t ime spent i n  t r a v e l  
Teleconferencing methods t o  cu t  down on personal 
t rave l 
Rapid and e f f i c i e n t  o f f i c e - t o - o f f i c e  communications 
Methods t o  p rov ide  f o r  the r ap id  access t o  s to red  
records and l i bra ry  n a t e r i a l s  
Access t o  c a l c u l a t i n g  power 
Rockwell International 
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T,ble 2. Problem So lu t ion  Goals/Objectives - I n d u s t r i a l  Product ion 
( I nc l ud ing  Ma te r i a l s  and Water) 
Time Frars 
Short  
Snort  Med. 
Med i ur .' 
Hed 
r -  
Shor t A o n 9  
ShortjHed. 
. ,  . Hed i urn 
Short/Hed. 
Med.iLo j 
'led i um 
Means f o r  inc reas ing  worker p r o d u c t i v i t y ,  p a r t i c u l a r l y  
w i t h  respect  t o  the  o the r  coun t r i es  w i t h i n  the  
developed wor ld  
Techniques such as co t tage  i n d u s t r i e s  f o r  p u t t i n g  
unsk i  l led  labore rs  t o  work and t o  employ the  l a rge  
numbers o f  we l f a re  r e c i p i e n t s  who a re  mothers w i t h  
dependent ch i  l dren 
Ways f o r  m in im iz ing  the  p o s s i b i l i t i e s  f o r  second and 
t h i r d  generat ion w e l f a r e  r e c i p i e n t s  
E f f e c t i v e  schemes f o r  sh ipp ing  jobs across i n t e r n a t i o n a l  
borders t o  he lp  a l  l e v i a t e  labor  shortages and surpluses 
Simple, inexpensive machines f o r  T h i r d  World coun t r i es  
which w i l l  magnify the powers o f  the  average semi- 
ill i t e r a t e  unski  l l e d  labore rs  
Heans f o r  tapp ing the p o t e n t i a l  of the  marginal  farm 
labor  i n  many p a r t s  o f  the  wor ld  
Faster  methods o f  commuting t o  work 
Method f o r  be ing 1 inked t o -  the  j o b  e l e c t r o n i c a l  l y  
Improved machinery which i s  b e t t e r  adapted t o  the  
c a p a b i l i t i e s  and l i m i t a t i o n s  of  u n s k i l l e d  human 
0pe1.a t o r s  
Methods f o r  reduc ing wasted ma te r i a l s ,  labor ,  and 
energy i n  l a rge  i n d u s t r i a l  opera t ions  
Manufactur ing processes which promote the easy adap ta t ion  
t o  new product  l i n e s  
Hethods f o r  inc reas ing  the p r o d u c t i v i t y  i n  la rge  d i s -  
t r i b u t i o n  and sa les operat  ions (Red B a l l  Express?) 
Legend : 
Shrt  - Needed and rea l  ly should ( c r  could) be done w i t h i n  the next 10 years. 
Mediu.1 - Late 1980's o r  e e r l y  1990's. 
Lo6,g - Near the tu rn  o f  the  century  o r  beyond. 
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Cont rac t ing  procedures whereby the l ose r  o f  a  la rge  
con t rac t  does no t  r o u t i n e l y  end up w i t h  i d l e  
machinery and i d l e  p roduc t ion  capac i t y  
Be t t e r  means f o r  i nsu r i ng  the p r o t e c t i o n  o f  pro-  
p r i e t a r y  knowledge? ( ~ a k e  a b i g  p r o f i t  on a  winner 
t o  balance ou t  a  l o t  o f  RED on a bunch o f  losers . )  
I d e n t i f y  opt imal  l abo r - i n t ens i ve  i n d u s t r i a l  op t ions  
f o r  underdeveloped coun t r i es  
Develop water b rea th ing  technology/systems 
Smarter macnines (computer c o n t r o l  led,  s a f e t v  features,  
l ess  waste o f  ma te r i a l ,  fewer goofs, e tc . )  
Long 
Med i urn 
S t ruc tu res  which a re  more r e s i s t a n t  t o  weather ing 
and l ess  a f f e c t e d  by h i gh  winds 
Med i um 
Garbage d isposal  methods which make use o f  the 
p o t e n t i a l l y  use fu l  components contained w i t h i n  the 
gargabe and t r ash  
Med. /Long 
New methods o f  l o c a t i n g  and assessing na tu ra l  depos i t s  Med i urn 
o f  minera l  resources, p a r t i c u l a r l y  f u e l s  and scarce 
meta ls  
Accurate i nven to r i es  o f  the wo r l d ' s  reserves o f  Short/Med. 
Short/Hed. 
Med. /Long 
Sho r t hed .  
Med i um 
minera l  resources 
Subs t i t u t es  f o r  l i q u i d  and gaseous f ue l s  which a re  
equa l l y  easy t o  handle and t ranspor t  
Safer underground min ing methods and less d e s t r u c t i v e  
s t r i p  min ing techniques (see Energy-Coal   in ing.)  
S tockp i les  o f  c r i t i c a l  ma te r i a l s  t o  avo id  the pressures 
o f  monopolies and c a r t e l s  
Coal g a s i f i c a t i o n  and l i q u i f a c t i o n  methods which do no t  
requi  r e  la rge  q u a n t i t i e s  o f  water ( a l so  land reclamat ion 
methods which a re  no t  water - in tens ive)  
@A!! Rockwell International Space Dividar 
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Med i um 
Had. tkong 
Med . /Long 
Med. /Long 
fled. /Long 
fled. /Long 
Short/Med. 
Med i um 
Short/Long 
Long 
Long 
More s tab le  markets f o r  the wor ld ' s  raw ma te r i a l s  t o  
cushion the shock o f  sudden p r i c e  f l u c t u a t i o n s  on 
Th i rd  World na t ions  
Wider use o f  renewable resources such as wood, sugar, 
and a lcohol  as a  s u b s t i t u t e  fo r  non-renewable 
resources 
Be t t e r  methods o r  r u s t  and cor ros ion  con t ro l  t o  
increase the useful  l i f e  o f  the wo r l d ' s  ma te r i a l s  
L i g h t e r  weight planes and cars  t o  achieve lower 
ma te r i a l s  usage and reduced f u e l  consumption 
Means f o r  the  reduc t ion  of the loss  o f  va luable 
p roper ty  and precious ma te r i a l s  from f i r e s  and 
o ther  p e r i o d i c  d i sas te r s  
Reduced inven to r ies  o f  c r i t i c a l  ma te r i a l s  by b e t t e r  
management of warehousing and t r anspo r ta t i on  f a c i l i t i e s  
More e f f i c i e n t  design o f  b u i l d i n g s  and o ther  s t r uc tu res  
which use l a rge  q u a n t i t i e s  o f  ma te r i a l s  
New l u b r i c a n t s  o r  o the r  s t r a teg ies  designed t o  reduce 
f r i c t i o n a l  losses 
Bigger, b e t t e r  semiconductor c r y s t a l s  
New superconductors, p a r t i c u l a r l y  those which can 
operate a t  h igher  temperatures 
New methods designed t o  achieve the  large-sca le 
r e c y c l i n g  o f  scarce ma te r i a l s  such as mercury and s i l v e r  
Be t t e r  pharmaceuticals 
Develop minera l  resources exp lo ra t i on  techniques, e.g., 
i o n  r a t i o s  i n  water (petroleum), water leached minera ls  
Deve l op  means f o r  subterranean exp l o r a t i o n  f o r  minera ls  
Med . /Long 
Long 
Long 
Long 
Med. /Long 
Med. /Long 
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41. Develop evaporat ion-retard i ng substances (surface 
and p l a n t  t ransp i ra t ion )  
42. l d e n t l f y  areas o f  f o s s i l  water 
43. Develop methods f o r  mapping subterranean r i v e r s  
44. I d e n t i f y  p o t e n t i a l  river-reversal/diversion areas 
45. Develop means f o r  k i  1 1  ing/removi ng v i  ruses i n  water 
46. Develop low-cost water p u r i f i c a t i o n  processes (ozone) 
Rockwell International 
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Table 3. Problem Solut ion Goals/Objectives - Food 
Tlme Frame 
Long 
Short 
Med 
He d 
Short 
* 
Short 
Short/Med. 
Med. /Long 
Med i urn 
Long 
b r a  wldespread use o f  the many potent la1 l y  a t t r a c t i v e  foods whlch 
are  now regarded as being undesl tab1 
vegetables, rough f 1 sh) . 
E f f e c t i v e  methods o f  food d l s t r i b u t l  
Rlce, wheat, and corn whlch conta in 
essent la l  nu t r ien ts .  
e o r  i ned ib le  (e.g. unusua 
on i n  d isas ter  s i tua t tons .  
1 arger concent r a t  ions of the 
Synthet ic  meat products which have the des 1 rab le  proper t  ies of  
rea l  meat, bu t  are much cheaper. 
b r e  encouragement o f  breast feeding i n  the underdeveloped world. 
Hore wldespread dissemination o f  c lea r  lnformation on proper 
n u t r l  t Ion. 
Beverages which are both tas ty  and n u t r l t l o u s .  
Hethods fo r  maklng the l w - n u t r f e n t  s o l l s  o f  the Jungles support 
crops wi thout  becommlng b r i c k l i k e .  (Later1 t i c  soi  1s.) 
Economlc methods f o r  producing f e r t l l l z e r s  on a small scale w l t h  
slrnple equlpment and mostly l oca l  mater la ls .  
Heans f o r  t rea t l ng  o r  crossbreadlng l ea fy  crcps such as hay o r  a l f a l f a  
so tha t  they can be dlgested by human beings. a 
Hore wldespread d l s t r l b u t i o n  of v l  tamlns and food supplements, . 
~ a r t i c u l a r l y  fo r  the wor ld 's  pregnant women. 
Legend : 
Short - Needed and real  l v  should (or  could) be done w i th in  the next 10 years .  
Medium - Late 1980's o r  ee r l y  1990's. 
Long - Near the turn o f  the century o r  beyond. 
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Long 12. 
Long 13 
Short/Long 14. 
Short 15a 
Med i urn 16. 
Med i urn 17- 
Short/Med. 18. 
Short/Med. 19. 
Short 20 . 
Hed i urn 21. 
Short/Med. 22. 
Short/Med. 23. 
Schems f o r  produclng ed lb le  foods I n  small houses and cramped 
apartments. (e.g., ed lb le  flowers.) 
New s t ra fns  o f  animals whlch produce more p ro te in  and less f a t  w l t h  
less feed. 
Effect lve, t nexpenslve means o f  obes 
Fwds o r  simple drugs which cont ro l  
i t y  contro l .  
1 n tes t 1 na! paras I tes ( l h l  r d  
World pr lmar i  l y ) .  
Market forecasts f o r  food 
Weather prediction t o  p rz  
three days I n  advance and 
Simple means f o r  determin 
f e r t l l l z e r  types and requ 
Cheap sources o f  chemi ca l  
products about three years I n  advance. 
1 se geographical locations, p rec l se l y  
general ly  10 t o  30 days I n  advance. 
ng sol  1 chemistry f o r  the evaluat ion o f  
rements. 
f e r t l l i z e r s  (by-products from other  
cheml ca l  processing operat f ons?) 
Control o f  water runof f  t o  prevent s o i l  erosion and t o  encourage 
soak-up. 
Methods fo r  the detect ion and eradlcat lon of major cr ap pests 
and d I seases. 
More e f f f c l e n t  methods o f  t ransport ing crops t o  market, p a r t l ~ u l a r l y  
In the underdeveloped world. i ~ l k e  p a r t l a l  l oca l  processing.) 
Heans for reduclng spol lage o f  crops on the ground ( Inc luding accurate 
weather forecast lng) . 
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Med. /Long 
Med i urn 
Long 
Long 
Long 
-- 
Short 
24. l r r l g a t l o n  methods which use read1 l y  avai l ab le  power sources such 
as wlnd and so la r  power. 
25. Abundant, r e l i a b l e  sources o f  water f o r  i r r i g a t i o n  purposes. 
26. F lavor ing methods t o  make cheap, but  nourshing foods tas te  good. 
27. Subs t i  t u t e  manufactured food f o r  ag r l cu l  t u r a l  l y  grown food (eeg., 
food from petroleum, f o r e s t r y  waste products, o r  the 1 i k t ) .  
28. Weather cont ro l  f o r  major one-time devasta t i n g  e f f e c t s  such as 
k i l l i n g  f r o s t ,  tornadoes, h a l l ,  f loods, etc.  (Space laser?)  
29. We1 1-planned f i s h  farms on the open oceans and i n  protected bays and 
In le t s .  
30. Control o f  world-wide f i s h i n g  t o  insure optimum catches and t o  avoid 
the overharvesting o f  c e r t a i n  types o f  acquattc creatures such as 
anchovies and grey whales. 
Short/Med. 31. Increases I n  the e f f l c l e n c y  of meat and f i s h  processing and storage 
opera t I ons. 
Med i urn 32. New Incent ives t o  help farmers achieve higher p roduc t i v i t y ,  p a r t i c u l a r l y  
I n  regions o f  the world where absentee landloards are prevalent.  
(contests where f l e lds  are judged from sp. -s?) 
Short 33. Re1 l ab le  sources o f  temporary, unski l l e d  farm labor, p a r t i c u l a r l y  
In the p lan t i ng  and harvest seasons. 
Short/Med. 34. Speclal fzed herbtcides whlch s e l e c t i v e l y  k i l l  weeds and o ther  
undesirable p lan ts  wi thout  harmtng useful  crop;, farm animals, o r  man. 
tjedlum 35. Pest lc ldes whlch are no t  pe rs i s ten t  I n  the sol  1 and whlch do n o t  
en te r  I n t o  harmful synerg ts t i c  re la t lonsh ips  w l  t h  o ther  substances. 
Medium 36. Speclal lzed i n s e c t l c i d e s w h i c h k i l l o n l y t h e h a r m f u l p e s t s ,  b u t w h l c h  
arc harmless t o  Innocent bystanders. 
kd./Long 37. Means f o r  the maJor area con t ro l  o f  harmful pests and weeds, 
Med./Long 38. Crop disease cures whlch can be qu i ck l y  appl led t o  the f r o n t i e r  o f  
dlsease movements (Imp1 les accurate sensors t o  detect the f r o n t l e r  
a t  any glven tlme). 
Short/Med. 39. Methods f o r  the practical education o f  farmers on maJor new farming 
methods and the a v a l l a b l l l t y  o f  new farm machines and seed va r ie t i es .  
Med./Long 40. Rel iable remote cont ro l  u n i t s  f o r  gates, water d l s t r l b u t i o n  valves, etc.  
Short /kd.  41. Cheap, por tab le  she l te rs  f o r  p ro tec t i on  against winds and ralns. 
Short 42. D is t r i bu ted  feeding t o  save f e r t i l i z e r ,  bu t  st111 keep animals 
warm, watered, etc.  
Short/Med. 43. Cheap remote sensors I n  cows t o  t e l l  when they are s l c k  o r  when they 
a re  In-heat. 
Short/Med, 44. Cheap and convenient a r t l f l c l a l  lnsemlnators whlch can be used by 
unskl 1 l ed  farmers. 
Long 45, Sex cont ro l  f o r  a r t l f l c l a l  Insemination sperm (or  selective b i r t h  
con t ro l  p l l l s  o r  se lec t i ve  sperm vaccines). 
Short/Med. 46. Hore e f f i c i e n t  cooking methods,part icular ly f o r  Th i rd  World countries. 
Short/Hed. 47. Develop foods (or process lng  methods) tha t  requl re less cooklng 
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Med./Long 48. Develop  lo^ cobt energy sources f o r  cooking: 
Solar 
a Aeroe lec t r l ca l  Aeol Ian-electrical (cheap battery/charger) 
Methane 
Long 43. Means f o r  the r e l l a b l e  cont ro l  of d iges t i ve  e f f l c l e n c y  f o r  e f f l c l e n t  
obes 1 t y  cont ro l .  
Short/Med. 50. Bet te r  means o f  watershed management t o  p ro tec t  crops and t o  Insure 
the avai lab1 1 1  t y  c,f water when I t  I s  needed f o r  I r r l g a t  Ion o r  powet 
productlon. 
Medim 51. Means f o r  p red l c t l ng  several consecutlve days o f  sunny weather f o r  
the harvest lng o f  hay and other  crops. 
Med./Long 52. Methods f o r  the cont ro l  o f  off-shore f i s h l n g  r l g h t s  and the other 
r l g h t s  o f  coastal  nat ions. 
Long 53. Develop p ro te in  extraction from Ined ib le  Indigenous plants. 
Lmg 54. Develop aquaculture and marlcul  ture: 
a Species o f  f l s h  
Location, specles, food 
a F l s h f o o d s o u r c e s  
hd./Long 55. Locate essent l  a1 f e r t l l  l z e r  mlnr ra l  depos I t s  ( ~ ~ 0 ~ ) .  
Long 56. Develop pa la tab le  foods from Insects. 
Med./Long 57. Develop s t ra lns  of  pou l t r y  tha t  are more e f f l c l e n t  I n  tropics. 
Med./Long 58. Develop ca lo r le -var lab le  Junk foods (psychic s a t l s f  le rs ) .  
Long 59. Develop metabol Ism (temperature) e levat  lng  drug. 
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WedIum 60. Promote sugar subs t i t u te  (as i s  done I n   wede en) 
Med./Long 61. Develop food p lan ts  tha t  can grow I n  sal t /bracklsh water. 
Long 62. Explore mer i ts  o f  plant-anlmal hybrlds f o r  food. 
Long 63. Cash crops which are product ive over a shor ter  growing season. 
Short/*d.64. Methods f o r  p rov id ing  abundant n u t r i t i o u s  food f o r  the youngsters 
of the world during t h e i r  formative years (bra in food). 
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Table 4 .  Problem S o l u t i o n  God:;/Objectives - Energy 
- - 
Time Frame 
Long 1. 
Hed i un 2. 
Short 3. 
Short 4. 
Long 
Long 11. 
Med i um 12. 
A t t r a c t i v e  subs t i tu tes  f o r  011 and natura l  gas. 
k r e  energy-e f f i c ien t  machines and e lec t r i c31  devices. 
Bet ter  i nso la t i on  mdter la ls  f o r  homes and o f f i c e  buildings. 
Th in - f i lm  coatings f o r  wlndows which selectively pass some wave 
lengths wh i le  b lock lng others. 
New methods f o r  a l l e v i a t i n g  e l e c t r i c a l  peak loads. 
Vlable schemes f o r  survlv!ng energy embargos and r e s i s t i n g  sudden 
u n r e a l l s t l c  p r i c e  increases. 
Large h igh-qual l ty  c rys ta l s  f o r  the r e c t i f i c a t i o n  o f  dc currents. 
T e r r e s t r i a l  nethods f o r  energy .truuMmibbion w1 thout wires (e.g., 
the te r res t .  la1 equivalent o f  microwave o r  laser  transmission o r  
convert ing t o  H2, etc.) 
i t y  ba t te r i es  f o r  e l e c t r  High energy-dens 
vehicles. 
E f f  1 c ien t energy storage methods f o r  use 
conventional enerc~y gr ids.  
i c  automobiles and other 
i n  connection w i t h  our 
Less energy-intensive procedures f o r  producing alurnlnum, s t e e l  and 
glass. 
Turbine blades whlc5 are more res ls ten t  t o  h'gh temperatures and 
stresses. 
Le end: 
- Needed and r e a l l y  should (o r  cou ld )  be done w i t h i n  the n ? r i  10 years.  
MeJlurn - Late 1980's or e a r l y  1990's. 
long - Near the  t u r n  of t h e  c e n t u r y  u. beyond. 
2 6 
Long 13 
Long 14. 
Med . /Long 15. 
Med. /Long 16. 
17. Long 
Med. /Long 18. 
Short 
Short 20. 
Med./Long 21. 
Med . /Long 22. 
Schemes 
cost. 
Extreme 
for the mass production of cmposl t e  materiels a t  a lower 
l y  cheap solar  co l lec tors  which are 1 lght, rugged and 
rad ia t ion resistant. 
Cheap, passive solar  co l lec to r  systems which w l l l  help reduce the 
heating ' b l  l Is. nat fonts 
Hore e f f  
destinat 
i c ien t  methods for  rout lng ships and alrplanes t o  t he l r  
ions along fuel-saving routes. 
Smal l ,  compact c l t l e s  without internal  highways i n  which most 
transportat ion i s  accompllshed by walking and r i d i ng  bicycles 
(but w i th  s t i l l  good qua l l t y -o f - - l i f e ) .  
The perscnal equivalent of e l e c t r i c  blankets which are worn on the 
body t o  provide d i  r cc t  heating. 
Cheap, e f f ec t i ve  insulat lon materials which can bc i ns ta l led  by the 
home handyman w i th  a mfnimum o f  t ra in ing  and e f fo r t .  
Cheap insulat lon using a minimum o f  energy and materi 
The recovery o f  process 1 ng heat i ng from power genera t 
for reuse i n secondary processes. 
a l s  t o  produce. 
ion fac i  11 t i es  
Improvements i n  the u t f  1 tzat lon o f  process heat f n  connection w l  t h  
large-scale manufactur ing processes ( ~ u r o ~ e  i s cons lderably more 
e f f l c l e n t  than the Unl ted States). 
Hedium 23. Increased operat ing e f f  fc iency fo r  widely  used machines such as 
auto engines, d r t l l  presses, e l e c t r i c  motors and a1 r condi t l on tng  
compressors. 
Hed./Long 24. Methods f o r  transferring lnfarmatlnn such as c r e d l t  cards and 
lnvolces whlch do not  requl r e  the del  l ve ry  sf  physlcal  n ~ a t e r l a l .  
Hedium 25. Cheap dual-pane windows o r  other  e f f l c l e n t  means f o r  reducing heat 
losses through windows and doors. 
Hed./Long 26, A t t r a c t i v e  arch1 tec tu ra l  a1 ternat lves t o  the use o f  large g l a s s  * 
cutLtain U I n  mul t l -s to ry  o f f l c e  bui ld ings.  
Long 27, Substl t u t e  materials which a r e  not  as energy. In tensive as the ones 
they rep 1 ace. 
Med./Long 28. Smal l-scale, por table powerplants for  the operat Ion of  fans, pumps, 
etc. (Solar G r  wind?) 
Long 29. Automated subsurface o r  s t r i p  mining techniques, 
Mediur:! 30. Bet ter  tei l , , , :trues f o r  converting coa l  fn to j i q u f d  and gaseous fuels. 
Long 31. New schemes f o r  the locat ion 'jnd e x p l o i t a t i o n  o f  geothermal energy 
deposl ts. 
Medlum 32. New ways t o  harness the power o f  the wfnd. 
Med,/~ong 3.3, New, more e f f  l c l e n t  methods f o r  transporting 93s .  01 I and coal t o  
the po ln t  o f  need, 
Long 34. Breakthroughs In  fuslon technoloyy 
@A& Rockwell International 
SpaceMvidon 
1 
Long 
Short 
Med i urn 
Long 
Med./Long 39. 
Med. /Long 40. 
Long 
Long 
Med i urn 
Med i urn 
Med l urn 
Med i urn 
Med t urn 
lntensl ve development of the technology leadl ng to pract i :a1 
fast-breeder reactors. 
Trustworthy schemes for safeguarding radi oactive I sotopes from 
theft, diverslon, or Inadvertant entry Into the blosphere. 
hthods for locatlng attractive sl tes for new hydroelectric faclll ties 
Accurate methods for monltorlng the world's wind patterns on a 
contlnuous basis. 
Hybrld ships which utillze the wind on a routine basls, but whlch aie 
also capable of self-propulsion to maintain schedules (under good 
conditions the sailing ships traveled faster than most of the 
comnerclal shlps In use today). 
Sensors for the monitoring of major currents in the ocean and thelr 
temperatures. 
New methods for the exploltatlon of tne energy locked withln the 
world's oil, shale and tar sands deposits. 
Automated tugs (unmanned for towing lcebergs using primarl ly wind 
power. (~ernote control from space?) 
Identify areas for law-head turblne installa~lon. 
Identi fy areas for water-mechanical power (hand-made) . 
Identlfy areas for tldal power. 
Identlfy areas for solar power. 
ldentlfy areas for low thermal differential delta turblnes 
, 
Long 48. Develop non-gas01 lne motorcycle/automob 1 le (electric-sun-wind-charged) . 
Long 49. Develop waste-powered electrlc plants municipal and plant. 
Long 50. Develop efficient methane producer (bacteria strain). 
i 
hed./Long 51. Develop efficient absorption air conditioner (l.e., servel/~i~r). I 
Long 52. Identify optlwdl dam s; tes (energy and 1 rrigat ton). 
Long 53. identify sea-sink power plant sf  tes (~attara) .
Long 54.  Develop low-cost night 1 1  luminatlon techntques for crop tending/ 
harvest 1 ng . 
Long 55. Develop integrated electrical energy systems 
Table 5. ProblemSolut ion Goals/Objectives - Political/Economic/Environmenta1 
7lncludes National, In te rna t iona l  and Global) 
Time Frame 
ShortIMed. 
Short 
Short 
Short 
Short/Med. 
Shor t/Med. 
Med. /Long 
Med . /Long 
Methods t o  improve product i v i  t y  of the country as a  
whole 
Balance-of-payments improvements 
Stable currency 
Low unemployment 
E f fec t i ve  procedures f o r  minimizing pa in fu l  o s c i l l a t i o n s  
i n  the nat ion 's  economy 
E f fec t i ve  methods o f  p o l i c i n g  in te rnat iona l  borders 
t o  prevent smuggling, unauthorized passage, and 
m i l i t a r y  in t rus ions  
Remove threats t o  na t iona l  sovereignty: from nat iona l /  
in te rna t iona l  crime; from narcot ics;  from te r ro r i sm 
Automobile engines and s ta t ionary  machines which are 
less p o l l u t i n g  and less noisy 
More a e s t h e t i c a l l y  pleasing methods f o r  the d i s t r i b u t i o n  
o f  e l e c t r i c a l  power t o  the user 
A  safe, e f f e c t i v e  means o f  disposing o f  nuclear waste 
products 
Schemes f o r  cleaning up o i l  s p i l l s  on the h igh  seas and 
along recreat ional  beaches 
Quieter,  more aes the t i ca l l y  pleasing t ranspor ta t lon  
sys tems 
Viable subs t i tu tes  f o r  asbestos and other  man-made 
cancer-causing substances which are becoming so widely  
d i s t r i b u t e d  i n  the biosphere 
Legend: 
3ho r t  - Needed and real l y  should (or could) be done w i th in  the next 10 years, 
Medium - Late 1980's o r  ear ly  1990's. 
Long - Near the turn o f  the century o r  beyond. 
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r 
Short  14. 
Med i um 15- 
Long 24. 
Med i um 25- 
Long 26. 
Med ./Long 28, 
E f f e c t i v e  methods f o r  removing drunken d r i v e r s  from p u b l i c  
highways 
Subs t i t u t es  f o r  t o x i c  substances, such as f l u o r i d e  and c a r b o l i c  
ac id ,  used i n  manufactur ing processes. 
Means f o r  i n s u r i n g  the h igher  combustion e f f i c i e n c y  o f  
hydrocarbons 
New methods f o r  safeguarding dangerous processes and dangerous 
m a t e r i a l s  
Means f o r  p reven t ing  the spread o f  dangerous contaminants 
r esu l  t i ng  from major ca tas t roph ies  such as r a i  l road acc idents  
Means f o r  the p reven t ion  o f  re lease o f  geothermal contamiriants 
Metksds f o r  the non-hazardous d isposal  o f  the waste products 
r e s u l t i n g  from the e x t r a c t i o n  o f  coa l ,  st.: e o i l  and t a r  sands. 
l den t i Fy i 1 l -def i ned borders 
Workable methods f o r  extending c r e d i t  t o  Th i r d  World na t ions  
Guarantees f o r  investment c a p i t a l  f o r  la rge-sca le  i n t e r n a t i o n a l  
ventures 
Develop/implement zero-sum m ig ra t i on  p o l i c i e s  
Assess opt imal  sources o f  na tu ra l  weal th  i n  under-developed 
count r i es 
Develop l o c a l  (na t iona l )  minera l  i n d u s t r i e s  i n  under-developed 
coun t r i es  
Assure share o f  neu t ra l  resources t o  under-developed coun t r ies :  
0 F i s h  - r o y a l t y  f o r  use of assigned grounds 
0 Minera ls  - r o y a l t y  f o r  use o f  assigned ground. 
Assure e q l ~ l t a b t e  share o f  World Bank funds t o  each under- 
developed count ry  
Assure eqlLCtable cont r i bu t  ions from developed count ry  t o  
World Bank 
ORlGINAL PAGE L 
OF POOR PO- 
Rockweli International 
Space Dividon 
Med I urn 
Med i urn 
Long 
Long 
Short/Med. 
Short/Med. 
Long 
Med i um 
+led 
Med 
Med . /Long 
. . 
Medium . 
M.sd i urn 
Med . i t ~ n g  
Med i urn 
Provide assured access t o  commercial o v e r - f l  l g h t  r i g h t s  
Assured access t o  petroleum f o r  t ranspor ta t ion  
Assure access t o  nuclear power/uranium resupply 
Reverse trends towards pseudo nat ional ism i n  underdeveloped 
countr ies 
Develop communication sys terns w i  t h i n  under-developed count r i e s  
A l loca te  channels/frequencies t o  underdeveloped countr ies 
In te rnat iona l  t r e a t i e s  which permit  the technological 
e x p l o i t a t i o n  o f  lunar mater ia ls  
in te rna t iona l  cooperation i n  the use o f  the geosynchronous 
a l t i t u d e  and other  c r i t i c a l  regions i n  space where the most 
desi rable locat ions are  i n t r i n s i c a l l y  l i m i t e d  
E f fec t i ve  cont ro l  of the space debr is  fragments which are 
increasingly  populat ing the space f l i g h t  environment 
Workable in te rnat iona l  agreements on the use o f  spaceborne 
sensors and communication l i n k s  
Cooperative i n te rna t i ona l  procedures f o r  the emergency rescue 
o f  endangered astronauts 
Means f o r  insur ing  the secu r i t y  o f  major investments i n  space 
Treat ies which insure the a b i l i t y  t o  keep and s e l l  data obtained 
i n  space 
Encryption techniques f o r  use i n  conjunct ion w i t h  d i r e c t  
broadcast and personal communic~ ions systems t o  insure pr ivacy 
and secur i ty  t o  the intended rec ip ien ts  
World-wide cooperation i n  the construct ion and i n s t a l l a t i o n  of 
an equator ia l  launch s i t e  
Secure world-wide assignments o f  frequency bands f o r  RF 
transmissions 
Rockwell International 
Space Division 
Med. /Long 
Short/Med. 
Med. /Long 
Long 
Med . /Long 
Med . /Long 
Med . /Long 
Med . /Long 
Med . /Long 
Combustion processes which a re  less  damaging t o  the biosphere 
Means f o r  the sho r t -  3nd the long-:;,m mon i to r ing  o f  nuc lear  
f a1  l o u t  
Moni t o r  (de tec t )  and c o n t r o l  po l  l u t i o n :  
a Water (domestic and across i n t e r n a t i o n a l  borders) 
- Detect  sources o f  sewage: 
Chemical wastes 
Thermal po l  l u t i c n  
Eu t roph ica t ion  
R a d i o a c t i v i t y  
a A i  r (domestic and across ; n te rna t  iona l  borders) 
- Detect  sources )f  a i r -borne  wastes: 
. Noxious 
Tox i c 
. P a r t i c u l a t e  
Monl tor  t he  e f f e c t  o f  man's a c t i v i t i e s  on the g loba l  weather 
pa t t e rns  and the long-term c l i m a t i c  cond i t i ons  
Global mon i to r ing  o f  ocean cu r ren t s  and a i r  c i r c u l a t i o n  pa t t e rns  
Long-term measurements o f  the  e a r t h ' s  c r i t i c a l  weather 
i n d i c a t o r s  (e.cj., c loud cover, i c e  format ion,  mean iemperature, 
e tc .  ) 
Co r re l a t i on  s tud ies  between the so la r  a c t i v i t y  and the 
t e r r e s t r i a l  weather and c l i m a t i c  cond i t i ons  
De f i . n i t i ve  s tud ies  o f  the e f f e c t  o f  man's a c t i v i t i e s  on the 
wor ld  weather and the w ~ r l d  c l ima te  
Accurate methods f o r  f o recas t i ng  the w o r l d ' s  long-term 
c l ima te  t rends 
Develop technology t o  -moni t o r  and con t ro l  na tu ra l  d i s a s t e r s  
.(e.g., earthquakes, tsunamis, vo l can l c  e rup t  ions, tornados, 
hurricanes, etc . )  
C. OPPORTUNITIES DESCRIPTImS 
Rockwell Internettonal 
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APPENDIX C: 
OPPORTUNITIES DESCRIPTIONS 
P a g e  
DIRECT BROADCAST EDUCATION--U.S. . . . . . .  3 7 
DIRECT BROADCAST EDUCATION--DEVELOPING COUNTRIES . . . 42 
BUSINESS  SYSTEM DATA TRANSFER . . . 44 
ELECTRONIC TELECOMMUTING . 4 5 
WORLD MEDICAL ADVICE CENTERS . 4 9 
TIME AND NAVIGATION SERVICES . 5 4 
IMPLANTED SENSOR DATA COLLECTOR . . . 56 
NATIONAL INFORMATION SERVICES . . .  5 9 
PERSONAL COMMUNICATIONS ( G R I S T  RADIO) . 6 3 
ELECTRONIC MAIL SERVICE . . . 6 5 
MEDICAL A I D  AND 1NFORMATJ.ON--U.S. . . a  7 1 
OIL/MINERAL LOCATION . . . 76 
CROP MEF.SUREMENT . . . 7 9 
OCEAN RESOURCE AND DYNAMICS . . 81 
WATER RESOURCE MAPPING . . .  84 
RUNOFF FORECASTING . . . 8 7 
GLOBAL EFFECTS MONITORING . . .  9 0 
LANDSAT D . 9 4 
TOPOGRAPHIC MAPPING . . 95 
HIGH-RESOL3TIOJ RESOURCE SURVEY . 9 9 
HIGH-RESOLUTION M A R  MADPER . . 101 
ISOENZYMES . . 103 
UROKINASE . . 1 0 4  
INSULIN . 106 
SUPER LARGE SCALE INTEGRATED C I R C U I T S  . 108 
S I L I C O N  WAFERS FOR DC R E C T I F I E R S  . 110 
NEW OPTICAL GLASSES . 1 1 2  
F I B E R  O P T I C S  . 114 
HIGH-TEMPERATURE TURBINE BLADES . 115 
HIGH-STRENGTH PERMANENT MAGNETS . * 1 1 7  
THIN-FILM ELECTRONIC DEVICES AND CONTINUOUS RIBBON CRYSTAL GROWTH . 119 
THE LUNETTA . 1 2 0  
THE SOLETTA . . . 1 2 2  
O I L  S P I L L  DETECTION . . . 124 
ICEBERG TRACKING . . . 1 2 7  
COASTAL COLLISION AVOIDANCE RADAR . 130 
ICEBERG TOWING BY UNMANNED TUGS . 133 
GLOBAL SEARCH AND RESCUE . 136 
BORDER SURVEILLANCE SYSTEM . . . . . 138 
1. DIRECT-BROADCAST EDUCATION - U.S. 
1. GENERAL OBJECTIVE 
Our present educational system u t i l i z e s  audio-visuals t o  a l imi ted  
extent  and l i v e  t e l ev i s ion  i s  ava i lab le  i n  some key school systems. However, 
t e l c d s e d  in s t ruc t iona l  mater ia l s  a r e  not  consistent1.y ava i lab le  t o  the  
d i s t r i c t s  t h a t  need it the most desp i te  the  f a c t  t h a t  i t  has been know f o r  
a long time tha t  chi ldren learn  readi ly  from t e l ev i s ion  programs, including 
those programs t h a t  a r e  not  i n t en t iona l ly  i n s t ruc t ive .  
All bas ic  school i n s t ruc t ion  attempts t o  convey informatior, and ele- 
mentary s k i l l s .  Thus, one well-constructed cu r r i cu l a  could be developed and 
presented t o  all chi ldren - i f  there  were a way t o  ensure consis tent  del ivery.  
Broadcasting from space t o  individual  homes would make classroom a c t i v i t i e s  
more i n t e r e s t i n g  and varied and would give the teacher i n t e re s t ing  reb~jurce 
mater ia l s  a t  t he  f l i c k  of a switch. 
2 .  PRODUCT TO EARTH 
High-quality universal  elementary an? secondary education based upon 
proven audio-visual ( te lev is ion)  methods being developed by ce r t a in  PBS and 
univers i ty  a c t i v i t i e s .  I n i t i a l  phase would use l o c a l  ground t ransmi t te rs  
(UHF) and ex i s t i ng  home rece ivers ,  broadcasting the ex1 _ng classroom t o  
these chi ldren unable (or  unwilling) t o  t rave l  long dis tances t o  schools. 
Local areas  would be extended t o  r u r a l  regions v i a  s a t e l l i t e ,  f reeing the 
ground t ransmi t te rs  f o r  extension t o  more special ized courses,  such a s  account- 
ing,  business law ( for  small b ~ s i n e s s  entrepreneurs) ,  automobile r epa i r ,  
computer programming, and spec ia l  programs f o r  the  deaf. These broadcasts 
could be commercialized, s imi l a r  t o  present extension college subjects .  
Morning hours could be scheduled f o r  primary education; af ternoons,  
f o r  c u l t u r a l  enrichment; evenings, t o  spec i a l - i n t e r e s t  sub j ec t s .  Adding a 
"talkback'! c apab i l i t y  would enable a des i r ab l e  s tudent - ins t ruc tor  and 
atudent-student i n t e r ac t i on .  
3. KEY OBJECTIVES 
To provide a high-power multipie-channel UHF t e l ev i s ion  r e l ay  t o  t rans-  
m i t  t o  e x i s t i n g  home r ece ive r s  ( d i r e c t  b roadcas t ) ;  and t o  provide high-quality,  
e f f i c i e n t  t r a in ing  to  a l l  s tudents  on a nondiscriminatory bas i s .  
4. PRINCIPAL CONTRIBUTION 
The d e l i v x y  of i n t e r e s t i n g ,  var ied ,  and high-quality mater ia l  t o  our 
na t ion ' s  schools.  Among other  th ings ,  t h i s  would f r e e  t he  teacher  t o  provide 
more ind iv idua l  a t t e n t i o n  t o  his o r  her  s tudents  without the necessity of 
working longer  hours. 
I f  des i red ,  these broadcasts  could be mul t i l ingua l  on a concurrent b a s i s ;  
thua, the ch i ld  could l i s t e n  once i n  English,  then again i n  Spanish, French, 
Gennan - with t he  serendipi tous f a l l o u t  of learning new languages pa in less ly .  
Since t he  cuzr icu la  could be presented on mult iple  channels. with a l l  phases 
i n  sequence, t h e  s tudent  could advance a t  h i s  own bes t  r a t e .  Programs cou'd 
be recorded (no need f o r  " l i ve  presentat ion")  with i n s t an t  replsy of important 
po in t s  a t  the s tudent ' s  option. 
5. LEVEL OF CONTRIBUTION 
Delivered t o  home t e l ev i s ion  rece ivers  - each nat ion t o  prepare i t s  
own cu r r i cu l a ,  with cont ro l led  pa t t e rn  of coverage. Extension t o  multi-  
na t i ona l  o r  global  se rv ice  requi res  add i t i ona l  s a t e l l i t e s ,  a s  a contracted 
se rv ice .  Mul t ip l ica t ion  of t e l ev i s ion  rece ivers  t o  supply undeveloped end 
developing count r ies  provides employment t o  la rge  numbers; d l l i v e r y  of ba s i c  
and t e c h n i c a l  t r a i n i n r  t o  these  c o u n t r i e s  improves t h e i r  p r o d u c t i v i t y ,  gen- 
e r a t e e  customers f o r  t o o l s  and conveniences from advanced developed c o u n t r i e s .  
6. UNIQUENESS OF CONTRI2UTION 
The proposed s y s t e n  w w l d  hc lp  e l i m i n a t e  i n e q a i t i e s  and d i s c r i m i n a t i o n ,  
and c t i m u l a t e  i n c e n t i v e s  f o r  self-improvement. S a t e l l i t e  broadcast  is t h e  
most f e a s i b l e  and l e a s t  c o s t l y  method bf d e l i v e r y i n ~  s e r v i c e  t o  remote o r  
widely d i spersed  areas. 
7. TIME FACTOR 
I n i t i a l  phase,  us ing ground t r a n s m i t t e r s ,  can be i~~lplemented immediately; 
extension t o  USA-sateil i te by 1990: e x t e n s i o ~  t o  g l o b a l  a r e a  by 1995-2000. 
8. PRINCIPAL INSTALI.&TlON (Space only)  
Geosynr.hronous high-power , low-frequency (UHF) ~nul t ichannel  t r a n s m i t t e r  ; 
each n a t i o n  provides  c e n t r a l  p repara t ion  f a c i l i t v  f o r  own language, own c u l t u r e ,  
b roadcas t s  . 
Number cf beams per s a t e l l i t e  - 100 f o r  the " ~ i t c d  S t a t e s  
Number of channels per  beam - 100 
Bandwidth pe r  channel - 2 5  kHz t o  6N!z 
Power-gain product p p r  channel - 30 dL 
Antenna s i z e  Approximatel;, 6d f c c t  
Prime power - A~~7rnxirnatcLy 3 50 kW 
Orbi t  - & ~ t ; ~ r . i h r o n o u s ,  eqblatorj a1 
9. PRINCIPAL FUNCTIONAL UNITS 
Low-cost t e l e v i s i o n  r e c e i v e r s  i d e n t i c a l  L O  e x i s  tin^ se t s ,  with .simple 
antenna (3-foot parabola)  pointed towards zen i th .  ?;umerous course-preparat ion 
f a c i l i t i e s  (one par  country) .  Commercial e  ~ t r c p r e n e u r s  prepare s p e c i n l -  
purpose courses ,  r e n t  t i ~ e  on s a t e l l i t e  ( s p x i n l  unscrambler needcJ a t  
rece iver )  sell t o  ind iv idua l  custome.rs ($10 per  course).  
Talk-back requires  adding small t ransmi t te r  (audio) t o  user  terminal,  
connected by wire t o  l o c a l  cen te r  (urban and suburban)or by s a t e l l i t e  t o  
nea re s t  cen te r  f o r  r u r a l  a reas ,  (One talk-back channel per broadcaa t channel. ) 
10. PRINCIPAL TECHNOLOGIES 
Large (space) a n t e m a s  f o r  UHF (100- t o  400-MHz transmission, p lus  
necessary s o l a r  power assembly. 
11. IMPACT SPECTRUM 
Techlology - 
Economy - 
Environment - 
Social  - 
P o l i t i c a l  - 
S c i e n t i f i c  - 
12. FRONT-END CAPITAL 
Exist ing . 
Improved t r ade  with develaping count r ies  i n  
global  phase. Many jobs created t o  bu i ld  
ground sys  ten. 
No impact. 
Great improvement i n  the q u a l i t y  of primary 
education. 
Improvement i n  i n t e rna t iona l  cooperation by 
interchange of subject  mater ia l  expands aware- 
ness  of other  na t ion ' s  plablems. 
No impact . 
About the  same as one SBS s a t e l l i t e ,  p lus  ground terminals  ($SOOM - 
est imate) .  
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2. DIRECT BROADCAST EDUCATION - D ,iLOPING COUNTRIES 
General Objective: Provide q u a l i t y  educat ion i n  a l l  areas o f  developing 
countr ies.  
Product t o  Earth: Universa l  educat ion based upon proven audio-v isual  (TV) 
methods. Chi ldren and adul ts .  
Key Objectives: Decrease i l l i t e r a c y ,  improve ag r i cu l t u re ,  san i t a t i on ,  
import knowledge necessary f o r  more product ive labor .  
P r i nc i pa l  Contr ibut ions: Accelerate development o f  3rd and 4 th  wor ld  
countr ies,  improve qual i t y  o f  1 i f e ,  increase market f o r  U.S. technology. 
Level o f  Contr lbut ions: Benef i t z  many times the cost o f  system. No 
c red ib l e  a l t e r n a t i v e  f o r  many 4th wor ld  countr ies.  
Uniqueness of  Contr ibut ion: Relat  
v a r i e t y  o f  education. 
Time Factor: Near+erm 1980 - 1990 
i v e l y  low cost, h i gh  qua 1 i t y  and 
P r i nc i pa l  I ns ta l l a t i ons :  V i  
computer w i t h  s tored courses 
P r i nc i pa l  Funct ional  Units: 
l l a g e  ground s ta t i ons ;  cen t ra l  ( reg iona l )  
; educat ion data re l ay  s a t e l l i t e .  
Ground - classroom TV u n i t  f o r  t ransmi t t ing 
course request, rece iv ing  and s t o r i n g  program, d i sp lay ing  program. Central  
computer. Course-generating team (arabic,  f rench, engl i sh, etc.)  . 
Space - education data re l ay  s a t e l l i t e  i n  geosynchronous o r b i t .  Weight 
2000 lbs,  s i ze  14 f t  x I S  ft, power 2000 watts.  
P r i nc i pa l  Technologies: Low cost  h igh  r e l a b i  1 i t y  ground u n i t s ,  low cost  
power generat ing systems ( i  . e . ,  wind m i l l s ,  low-head turb ines,  e tc . ) .  
I 
11. Impact Spectrum: Expanded market for  te lev is ion  console uni ts  and 
educational courses, 
12 .  Front-End Capital : 
Acquisition Cost 
. 
Ground units  
Computer/course data bank $5 - 10 M 
Sof Ware ( i n i t i a l )  $5 M 
S a t e l l i t e  $100 M 
Transportation cost  $25 M 
Annual Operating Cost $ 1 - 5 M  
$2,000 each 
3. BUS INESS SYSTEM DATA TRANSFER 
1. General Objective: Interconnect comnercial enterpr ises f o r  comnunlcation/ 
transfer o f  business data. 
2. Product t o  Earth: More e f f i c i e n t  and t imely interchange o f  commsrclal data. 
3. Key Objective: Reduce cost o f  t rans fer  o f  data and documents ( facsimi l ies)  . 
Improve management deci s i ons by maki ng more current  data avai 1 able. 
4. Pr inc ipa l  Contributions: Increase corporate p r o f i t s .  Expand market f o r  
aerospace/electronic technology. 
5. Level o f  Contribution: Benef i ts  (comerc ia l  market po ten t i a l )  many times 
system cost. Analogous t o  savings over conventional, earth-based network 
o f  hard l i n e s  and microwave r e l a y  stat ions.  
6. Uniqueness of  Contr ibut ion: Low cost, speed o f  t rans fer  o f  data and documents. 
7. Time Factor: Near-term 1980-1990 (RCA SAT COMan operat ional fore-runner.) 
8. Pr inc ipa l  I ns ta l l a t i ons :  Transmi t t e r d r e c e i v e r s  a t  key f a c i  l i t i e s  of a l l  
major i n d u s t r i a l  and comnercial enterpr ises. U. S. i n i t i a l l y  - eventual ly  
world-wide. Data re lay  s a t e l l i t e ( s )  i n  geosynchronous o r b l t .  
9. Pr inc ipa l  Functional Units: Ground-company computer, word processors, and 
facs imi le  u n i t s  a l l  l i nked through a message-directly module t o  a roof-top 
entenna f o r  t ransmi t t ing  to, and receiv ing data from Business System Data 
Transfer S a t e l l i t e .  
10. Pr inc ipa l  Technologies: Message swi tch ing/d i  r e c t  ing system onboard sate l  1 i te. 
Optimal antenna/power trade f o r  s a t e l l i t e .  
11. Impact Spectrum: Expanded market f o r  e lec t ron i c  elements. Reduce U. S .  
Postal Service's F i r s t  Class mai l  volume. 
12. Front-End Capital :  Acqu is i t ion  Cost - 
Ground Un i ts  (each - e lec t ron i c  in te r face  only)  $ 5,000 
Transportat ion Cost nlll(;LkAL rhtil? 
44  .p p(XIR Q U U ~  $ 25 M 
4. ELECTRONIC TELECOWJTIXG 
1. GENERAL OBJECTIVE 
Commuting by e a t e l l i t + .  
About 20 percent of our  present  work force  do o f f i c e  jobs at  some 
c e n t r a l  loca t ion .  This type of work i s  handling records,  thinking,  wr i t ing  - 
none of  which requi res  at tending a s p e c i f i c  machine and could be done any- 
where, s ince  it is indiv idua l ,  not  group, e f f o r t .  Application of today's 
technology could, and soon w i l l ,  implement an office-at-home. 
2. PRODUCT TO EARTH 
Conservation of resources (gasoline) ; improvement i n  of f  i c e  work pro- 
duc t iv i ty ;  reduced environmental po l lu t ion ;  reduced congestion i n  c i t i e s  and 
freeways . 
3. KEY OBJECTIVES 
Using conrmuuicatf-ons, i n t e l l i g e n t  terminals,and a CCTV approach, t he  
usual  o f f i c e  job can be accomplished by a l loca t ing  one room at home t o  be an 
o f f i ce .  Even today, i t  is  l e s s  cos t ly  t o  use a geosynchronous comunicat ions 
r e l ay  l i n k  than conventional landl ines  f o r  long-distance telephone c a l l s  f o r  
d i s tances  as sho r t  a t  600 miles.  The charges, both nonrecurring and sus ta in ing  
f o r  implementing the  office-at-home would be more than o f f s e t  by t h e  reduction 
i n  automobiles, gasol ine,  and highway maintenance i f  one-f i f th  of t he  popula- 
t i o n  could work a t  home; a f r i n g e  bene f i t  is  a gain of one o r  two hours per  
day not spent  i n  purposeless t r ave l .  
4. PRINCIPAL CONTRIBUTIONS 
Application of t h i s  concept would: reduce our  dependence on o i l ,  
gasol ine;  reduce urban po l lu t ion  (smog) and congestion; eliminate 10 hours 
per  week per  person of nonproductive, i r r i t ~ t i n g  t r a v e l  time (commuting); 
el iminate  l a rge  amounts of dupl icated paper products ( repor t s ,  s l i d e s ,  e t c . )  
5. LEVEL OF CONTRIB'TTION 
Every individual  i n  urban and suburban areas  would bene f i t :  t he  
white-collar workers by not  commuting, the construct ion and mnufac tur ing  
workers by e a s i e r  access t o  roads, s t r e e t s ,  parking; s i g n i f i c a n t l y  cleaner  
a i r ;  eaeing of balance of payments (reduced gasol ine consumption) . 
6. UNIQUENESS OF CONTRIBUTION 
Very few o f f i c e  work a c t i v i t i e s  requi re  eyebal l  contact ;  where neces- 
sa ry ,  the  CCTV provides an admirable, and even advantageous, a l t e rna t ive .  It 
is e a s i e r  t o  concentrate on one small screen than t o  t r y  t o  watch a whole 
roomful of displays.  Attention can be d i rec ted  t o  the  major poin ts  of emphasis; 
even hard copies can be t ransmit ted,  i f  meaningful. 
And the  worker i s  not l imi ted  t o  a home i n  the suburbs; i t  could be 
B a l i  - communication time is the same and j u s t  a s  cl.ean and convenient. Office 
personnel,  synchronized with the clock,can do t h e i r  work when b e s t  adjusted;  
t h e  re laxa t ion  in nervous tension alone would be worth the  e f f o r t .  
7.0 TIIG FACTOR 
I n i t i a l  dispersion (United S ta t e s  Governmen serv ices)  by 1990; extend 
t o  United S ta t e s  commercial by 2000. 
8.0 PRINCIPLE INSTALLATIONS 
Space One o r  more high-power ccmmunication re lays .  
Ground Many small r c so t e  " in t e l l i gen t "  terminals and 
-- 
low-power t ransmi t te rs .  Preferably a t  EHF 
(10 t o  900 GHz); severa l  thousand audio-band 
channels f o r  mu l t i p l e  random access.  
9 .  PRINCIPLE FUNCTIONAL UNITS (SPACE ONLY) 
The space element i;i usefu l  only f o r  long-distance communication. 
Regional l inkages by f ibre-opt ic  cables s imi l a r  t o  present  talephones on 
CTV i n e t a l l a t i o n s .  Where needed, t h e  space element would be analogous t o  
t h e  S a t e l l i t e  Business System S a t e l l i t e .  No ncw government-funded s a t e l -  
l i t e e  a r e  needed. 
(Ground). Extension of CTV andlor telephone networks t o  ind iv idua l  
te rn ina le  i n  small, neighborhood centers  (10 t o  100 workers); l a t e r  t o  ind i -  
v idua l  homes. Neighborhood centers  include roof-top antennas f o r  s a t e l l i t e  
l inkages. 
10. PRINCIPLE TECHNOLOGIES 
Al l  ex ie  t i ng  except high-power t r ansmi t t e r  at k-band o r  higher.  
11. W A C T  SPECTRUM 
Technology - 
Economy - 
Environment - 
Social  - 
P o l i t i c a l  - 
S c i e n t i f i c  -- 
Very small requirement. 
$ b i l l i o n s  saved by el iminat ing 20 percent 
of automobile population, l e s s  gasol ine,  e t c .  
$ mill ions added by ?.ncreased product ivi ty ,  
re laxa t ion  of tension,  e t c .  
Reduce pol lu t ion  s i g n i f i c a n t l y o  reduce cent ra l ized  
congestion; improve housing problem. 
S i ~ i f i c a n t  improvement i n  l i f e  s t y l e  f o r  many; 
shoul i  show immediate publ ic  acceptance. 
No immediate impact: long range may have e f f e c t  
of wide-scale decent ra l iza t ion .  
No impact. 
Space terminal about $50 M; ground terminals for $3 K each (10 
million terminals). 
5. WORLD MEDICAL AD1iICE CENTERS 
1. GENERAZ, OBJECTIVES 
The majori ty  of hea l th  care  cons i s t s  of ou t -pa t i en t  treatment as 
opposed t o  hosp i t a l  confinement . Out-patient treatment general ly  cons i s t s  
of da t a  acquis i t ion ,  ana lys is  (diagnosis) and treatment of systemic d isorders  
and/or treatment of trauma. The population pe r  physician i n  the  United 
S ta t e s  is  approximately 650. In t he  1 3  fourtl:-world countr ies ,  the  popula- 
t i o n  per  physician ranges £;om 92,759 f o r  Upper Volta down t o  3700 f o r  S r i  
1 Lanka, with a median of 27,700 (Indonesia) . F u r t h e m r e ,  the  average l i f e  
expectancy of 20-year-old males i n  fourth-world count r ies  such a s  India  o r  
Nigeria is on the  order of 37 and 39 years ,  respect ively.  This means t h a t  
t h e  20 years of food and education invested i n  ha l f  of the 20-year old8 w i l l  
be  wasted because they w i l l  d i e  before the  2nd of t h e i r  normally productive 
l i fespan .  The general ob jec t ive  i s  t o  provide improved hea l th  care  t o  a reas  
lacking physicians. 
2. PRODUCT TO m m  
Medical technicians a t  remote hea l th  c l i n i c s  would take blood and ur ine  
samples and procese them through automated c l i n i c a l  analyzers ,  The r e s u l t s  
of the analyois along with o ther  da t a  would be transmitted v i a  s a t e l l i t e  t o  
a cen t r a l ,  regional  d iagnos t ic  computer t h a t  would process the da t a  and send 
back the  diagnosis and recommended treatment.  The computer would a lao  e n t e r  
the  case i n t o  f i l e s  t h a t  would revea l  inc ip ien t  epidemics o r  "new" diseases ,  
so t h a t  t he  appropriate  measures could be i n i t i a t e d .  
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3. KEY OBJECTIVES 
The proposed system wauld enable th i rd-  and fourth-worlr! countr ies  t o  
provide hea l th  care  t o  improve the  q u a l i t y  of l i f e  of t h e i r  inhaobitants and 
t o  pro tec t  t h e i r  investments i n  food and educat ior ,  thereby acce lera t ing  
development . 
4. PRINCIPAL CONTRIBUTIONS 
An investment on t h e  order  of $20 M f o r  a na t ion  such as Mali could 
i n  a few years  more than t r i p l e  the  cur ren t  a c c e s s i b i l i t y  of hea l th  care .  
Training f o r  a comparable number of physicians would requi re  about 15  years.  
In t e s t s  held a t  medical conventions, computer diagnosis has been shown mbre 
accurate  than conventional physician dingnosis. 
5. LEVEL OF CONTRIBUTIONS 
The t r a in ing  of physicians would requi re  12 t o  16 years  and cos t  qp- 
proximately 30 percent more than the  establishment of a medical c l i n i c .  New 
medical uchools would need t o  be b u i l t ,  equipped, and s t a f f ed .  Medical tech- 
n i c i ans  t o  s t a f f  the c l i n i c 3  could be t ra ined  i n  about m e  year.  
6. UNIQUENESS OF CONTRIBUTION 
Low-cost, high-quality medical care  could be extended t o  th i rd-  and 
fourth-world countr ies  sooner and a t  a lower cos t  by t h i s  approach than by 
any other  means. 
7. TI% FACLOR 
Nearterm 1980 - 1985. 
8. PRINCIPAL INSTALLATION 
Two-way terminals i n  "automated" medical c l i n i c s  would be i inked v i a  
s a t e l l i t e  i n  geoeynchronous o r b i t  t o  a region 's  (cont inental?)  medical 
diagnostic/treatment computer. 
I 9. PRINCIPAL FUNCTIONAL UNITS 
! 
Ground : 
Medical c l i n i c s  equipped with aut-tic c l i n i c a l  analyzer1, da t a  
t ransmission/receipt  console, antenna, power source, and phmna- 
I 
ceu t i ca l  s to re s  . 
Diaaost ic  computer - one (shared by severa l  nat ions) .  
Space : 
Spacecraft f o r  da ta  re lay  between c l i n i c s  and computer. 
Conrtel la t ion Size - 1 
Orbit  - Geosynchronous 
Description - Weight - 3000 l b s  
- Power - 2000 Watts 
- Size - 15 f o o t  diameter 
x 15 foot  l ens  
10. PRINCIPAL TEQINOLOGIES 
Spacecraft  da ta  r e l ay  t o  appropriate  c l i n i c s .  
11. IMPACT ZPECTRUM 
Technical - System is u inor  advance over ex i s t i ng  technology. 
Econodc - Need t o  devise plan f o r  f i n a n c i a l  s t r u c t u r e  of 
systern(8). Ireproved product ivi ty  d t h l n  develop- 
ing nat ions.  Preservat ion of investment of food 
and education t o  enable r e tu rn  on investment. 
Environmental - Reduce l ike l ihood of spread of un t rea tab le  diseases  
t o  developed countries.  
'such u t h a t  produced by DuPont, Xerox Corporation, Union Carbide 
Corporation, o r  Technician Corporation 
S o c i a l  - Improved q u a l i t y  of l i f e .  
P o l l  t i c a l  - Increased g a d  w i l l  towards o r i g i n a t o r s  of 
system. 
Can d e t e c t  p o t e n t i a l  epidemics e a r l y ;  d e t e c t  
presence o f  new d i s e a s e s  f o r  medical  s tudy/  
t rea tment  development. 
S c i e n t i f i c  
FRONT-END CAPITAL 
P.cquisi t i o n  Cost : 
. Medical C l in ics :  
C l i n i c a l  ana lyzers  (2 )  
Console/Antenna/Gemerator 
P h a r m c e u t i c a l  S t o r e s  
Building (Water, Sewage) 
Micellaneous Equipment 
T o t a l  
. Diagnost ic  Computer : 
Software 
. Spacecraf t  : 
Development 
Unit 
. Launch Cost 
. Medical Clinic 
Personnel (4) 
Suppliae 
. Diagnostic Computer Center 
6. TIME AND NAVIGATION SERVICES 
1. GENERAZ, OBJECTIVE 
Provide an accurate,  un iversa l  time reference and a three-dimensional 
posi t ion determination capabi l i ty .  
2. PRODUCT TO EARTH 
Time and loca t ion  informat;Ion. 
3. KEY OBJECTPIES 
Synchronize s c i e n t i f i c  reference clocke world-wide; enable mobile 
u n i t s  t o  determine t h e i r  locat ion accurately.  
4 .  PRINCIPAL CONTRIBUTIONS 
F a c i l i t a t e  research i n t o  r e a l  time dependent physical and astronomical 
phenomena; enable precise  navigation. 
5. LEVEL OF CONTi'RIBUTIONS 
GPS s a t e l l i t e  network being implemented. Major bene f i t s  w i l l  stem from 
reducing s i z e ,  weight complexity and cos t  of ground pox,tion. Benefit  po t en t i a l  
many times ant ic ipa ted  cost.  
6. UNIQUENESS OF CONTRIBUTIOK 
Output a s  PIP on CRTIreference eAp format or  v i a  X-Y p l o t t e r  on re fer -  
ence chart .  Accurate, r e l i a b l e ,  r e l a t i v e l y  inexpensive i n  l a rge  quan t i t i e s .  
7. TIME FACTOR 
Near term 1980 - 1985. 
8. PRINCIPAL INSTALLATIONS 
Boats, sh ips ,  a i r c r a f t ,  cross-country vehicles  f o r  navigation; major 
s c i e n t i c  institutions/aetronomical observatories  f o r  time reference. 
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9. PRINCIPAL FUNCTIONAL UNITS 
Ground - standardized I C  computer i o r  bas i c  loca t ion  determination; 
output coupled t o  various display systems. 
Space - GPS co:m t e l l a t i o n .  
10. PRINCIPAL TECHNOLOGIES 
Reliable ,  low-cost, mass-produced ground uni t s .  
11. INPACT SPECTRUM 
Very widespread. 
Mi l i ta ry  - Accurate weapon de l ivery ,  
P o l i t i c a l  - Reduction i f  inadertent  t e r r i t o r i a l  v io la t ions .  
Soc ie ta l  - Ease of gcngraphical pos i t ion  determination, thus,  
reduction of "lost" ciircraf t and boats .  
12. FRONT-END CAPITAL 
Minimal - GPS being implemented. Development of low-cost ground un i t s :  
$1 M - $10 M. Unit cost :  $100 - $200. 
7. IMP- SENSOR DATA COLLECTOR 
1. GENERAL OBJECTIVE 
To provide the service o f  receiv ing data from any ear th source and 
return ing appropriate information t o  the customer. 
2. PRODUCT TO EARTH 
Timely accurate, processed informat ion. Examples are: 
a. Read-out o f  water leve l  sensors f o r  cont ro l  of dam gates 
b. Emergency help t o  someone i n  d is t ress  
c. Sensors i n  cows t o  t e l l  when they are in-heat f o r  a r t i f i c i a l  
insemination 
d. Environmental data from remote o r  ocean locat ions 
e. F i r e  warnings from heat o r  smoke sensors 
f. Burg;er o r  vandal ism warnings from ent ry  o r  noise sensors 
g. Sensors throughout a huge s t r ip -min ing  machine (operat ing on a 
winter  n igh t  i n  ~ o n t a n a )  sending up data t o  be processed on a 
large computer t o  warn o f  an impending f a i l u r e  
h. etc., etc., e tc .  
3. KEY OBdECTlVES 
To open up a p r o f i t a b l e  serv ice whereby we could use one s a t e l l i t e  
system and get paid by a m u l t i p l i c i t y  o f  users. I t  would a l so  open up a 
wide va r ie t y  o f  small businesses and jobs on ear th as more and more ideas 
fo r  products and services could be keyed t o  t h i s  capabi 1 i ty .  
4. PR l NC l PAL CONTRI BUT l ONS 
The service o f  receiv ing almost any k ind  o f  data from anywhere 
w i t h i n  the covered region ( l i k e  cont inenta l  United States o f  b.merica) and 
e i t h e r  re lay ing  i t  on t o  i t s  user and/or prov id ing time share computer 
power t o  convert the data t o  information d i r e c t l y  t o  the user. 
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5. LEVEL OF CONTRl BUTION 
This depends on the economics o f  shar ing the se rv i ce  across a la rge  
number o f  users. For each user, t h e i r  func t ion  cauld be done w i t h  t h e i r  
cwn r a d i o  o r  w i r e  1 inks, t h e i r  own computers, e t c .  However, i f the space 
serv ice  were of fered,  there  i s  a s t rong  probabi 1 i t y  t h a t  ingenious uses 
would m u l t i p l y  r ap id l y .  I n  such a case, t h i s  could become a m u l t i - m i l l i o n  
d o l l a r  se rv ice  funct ion.  
6. UN 1 QUENESS OF CONTR 1 BUT 1 ON 
I t  i s d i f f i c u l t t o i n t e r c o n n e c t m v i n g t h i n g s w t L h t h e b a n d w i d t h a n d  . 
a l l  so r t s  o f  h i l l s ,  bu i l d i ngs ,  etc., i n  the way. Hard w i r e  i s  ou t  of  the 
quest ion f o r  th ings l i k e  combines, ea r t h  movers, e tc .  For s ta t i ona ry  
things, d i rec t -w i re  t o  e a r t h  computers are d i f f i c u l t  t o  compete with, 
p a r t i c u l a r l y  i n  c i t i e s .  Outside c i t i e s ,  there may be economies i n  a space 
l i n k ,  bu t  you could near ly  always put  i n  a nard wire.  
7. TIME FACTOR 
Mid 1980's. 
8. PRINCIPAL INSTALLATION 
The space p o r t i o n  i s  b a s i c a l l y  a large antenna, perhaps i nc l ud ing  a 
la rge  computer. The ground p o r t i o n  i s  a m u l t i p l i c i t y  o f  users, each w i t h  
a small t ransmi tter/antenna. ( ~ o e s  no t  need t o  be as sma 1 l as a w r i  s t  
rad io/telephone. ) 
9. P R l  NC l PAL FUNCT 1 ONAL UNITS 
Antenna- 1 i ke la rge  s t r u c t u r e  i n  space, probably unmanned. 
10. P R l  NC 1 PAL TECHNOLOG l ES 
Large s t ructures,  computers, cod i ng/decodi ng t o  make maximum use o f  
scarce bandwidth. Minimum cost  ground t ransmi t te rs .  
1 I .  l HPACT SPECTRUM 
No significant inpact. 
12. FRONT-END CAP l TAL (TB0) 
1 .0 CICNERAL OB JCCTIVE: National Infonnation Services  
The percentage of human time wasted  i n  re-inventing wheels  is incalcul -  
ab le ;  th is  is l e s s  due t o  ignoraace of exis t ing  solu t ions  than t o  lack of 
knowledge of where t o  find information about  t h e s e  solu t ions .  All manner of 
-
ground information banks e x i s t ,  and continue i o  proliferate. What is needed 
is a directory keyed t o  th6 u s e r ' s  problem descript ion.  
Such a directory could be implemented on  the  ground, us ing a gcosync  
relay: however, each  inquiry woilld then require four channe l s ,  two up a n d  two 
down. If the directory were  ins ta l lcd  i n  the  sate!lite , only one  half-duplex . 
channel  per use r  is rleeded. To serve t h e  public ,  seve ra l  hundred chanriels 
would be required simulrat?cously. Each channel  would have its own micro- 
processor to a c c e s s  one comnon mess memory. Updating, file maintenance,  
t 
purging, e t c . ,  could be uplinked perhaps o . x e  a day.  
2.0 PRODUCT TO EARTH: 
Rapid a c c e s s  t o  sources  of data relevent  t o  a l l  l eve l s  of technica l ,  s o c i a l ,  
environmental and other concerns .  Data banks e x i s t  a t  numerous governmental 
a g e n c i e s ,  universi t ies ,  and commercial operat ions t h a t  c a n  be  made available, 
a 
for a nominal fee ,  t o  those  individuals  who a r e  attempting to  evaluate  a problem 
si tuat ion and formulate a n  optimum, feas ib le  solut ion.  
3 .0  KEY OBJECTIVE: 
Provide a common, e a s i l y  avai lable  directory similar  t o  t h e  Federal Informa- 
t ion Center  ( h s  Angeles); a telephone c a l l  wi l l  r ece ive  information on where to 
find the  desired service ,  what  agency,  telephone numbecs , mail a d d r e s s e s ,  
applicatim forms, etc. Expand this concept to include civilian and commerciaf 
data banks, and include sufficient automatic data processing for file search and 
retrieval (analogous to a library's card catalog or periodical indexes), 
- 4.0 PRINCIPAL CONTRIBUTION: 
Provides a single reference source wherein available knowledge can be 
readfly accessed by any individual. 
LEVEL OF CONTRIBUTION: 
Usable by  anyone with access to an8intelllger.t terminal"connected to . 
local ground communications terminal. . . 
6.0 UNIQUENESS OF' CONTRIBUTION: 
Combines in one address many data sources that exist, but are not 
generally known. Example: ~ e w  "users('of earth observation data are aware 
that there is a National E . 0 ,  data bank in South Dakota and that copies of 
LANDSAT-type data (false color photographs) can be obtained from there. The 
utilization potential of these data i s  enormous, kct  -.:.111 not he realized uctbi 
the concerned users (individual) know about i t ,  ar.",ow to get i t .  
7.0 TIME FACTOR: 
Ground-based central directory (pro.]ramrnir.~) e bout five years; transier 
to geosync facility by 1990; expansion to full commr?rcialization by 2000. 
8.0 PRINCIPAL INSTALLATION: 
Centralized directory file preparation. 
9.0 PRINCIPAL FUNCTIONAL UNITS; 
Space, geosync ailtomatic directory; ground, directory update facility. 
- - 
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Information management; develop univers31 f i l e  search and retrieval syntax.  
1 1.0 IMPACT SPECTRUM: 
b. 
Technology: Within present state-of-the-art, a 
i .  Economy: Increased productivity by avoiding redundant work. 
Potential commercial (not Government) operation 
utilizing DOMSAT-relay in  ini t ia l  stages.  Employ- 
I: 
ment of large numbers of personnel to  collect ,  . 1 
abstract  and develop the directory. 
Environment: No impact. 
f B Social: No impact. 
C Politica 1: Would improve visibility of Government services,  g 
and relate u se  of public tax funds to  individual 
benefits. 
, 
12.0 FRONT-END CAFITAL 
Directory data base, about $SOOM: Geosync Directory, about twice 
that  of a DOMSAT relay. 

9. PERSONAL COHHUN I CAT IONS (WRI ST RADI 0 )  
General Objective: Proviae personal comnunications capab i l i t i es  t o  a l l  
in terested Americans o r  a t  least  a s i g n i f i c a n t  f rac t i on  o f  the general publ ic .  
Product t o  Earth: Communication capabilities o f  unprecidentedi power and 
f l e x l b i  1 i ty. 
Key Objectives: - To al low any user t o  comnunicate w i th  h i s  colleagues on a 
nearly instantaneous basis even i f  t h e i r  exact locat ions are unknown. Also 
t o  open up nationwide services such as 1 ib rary  information t o  a broad 
segment of the general publ i c. 
Pr inc ipal  Contributions: Nearly instantaneous communications w i th  fr iends 
and co l  leagues even under r e l a t i v e l y  adverse condi t ions. 
Level of Contributions: l n l  t i a l  system would serve approximately 2.5 m i  11 ion 
users a t  an average usage ra te  o f  5 percent. Later system could serve the 
e n t i r e  American population, provided s u f f i c i e n t  bandwidth can be obtained. 
Uniqueness of Cont~ ibut ion :  Te r res t r i a l  communication l i n k s  could provide 
some o f  the envisioned services, however, i t  does not seem possible t o  
I n s t a l l  a natlonwide system a t  a reasonable cost wlthout c a t e l l i t e  re lay  
I inks. 
Time Factor: I n i t i a l  system could be ava i lab le  i n  the 1985 time frame. 
Ful l ,  nationwide system could be operational by 1990. 
Pr inc ipa l  I ns ta l  l a t  ions: Large array o f  mu1 t i beam sntennas (approximately 
200 fee t  i n  diameter) located i n  a geosynchronous o r b i t .  I n i t i a l  system 
would require 3 t o  5 antennas; the natlonwide system may requlre as many 
as 30 antennas o f  s im i la r  size. Raw power ; approximately 3 watts per  user. 
This, i n  turn, necessitates a sc la r  co l l ec to r  o f  approximately 65,000 ft2 
per antenna. 
9.  Principal Functional Un& Pr incipal  space un i ts  consist o f  one o r  more 
large, mu1 tibeam antennas which relay messages t o  various points wf  t h i n  
the continental Uni ted States. The antennas w i  11 1 ikely be r i g i d l y  
attached t o  f a c i l i t a t e  mutul l  message exchanges. Hcwever, they could, 
instead, be e lec t ron ica l ly  cross1 inked. 
10, Principal Technologies: The pr inc ipa l  technologies necessary t o  aake the 
system operate include complicated switching electronics, large multibeam 
antennas, accurage f igure control rnethoc,ology, and advanced thermal control 
. j 
I 
techniques. 
1 .  Impact Spectrum: Spectrum aval lab1 1 i t y  w i  11 consti tu te  one o f  the major I t 
i 
socio-economic problems associated w i th  the personal cmun ica t ions  system. 
The fu l l -serv ice system could require a bandwidth o f  500 megahertz o r  more. 
Theoretically, t h i s  much o f  the spectrum could be used f o r  the envisioned 
purposes, but t h i s  would require del icate international negotiations. 
P o l i t i c a l  con f l i c t s  wi th ex is t ing cmun i ca t i ons  carries, such as ATbT, 
also seem l i k e l y  t o  many observers. 
12. Front-End Capital: To f i r s t  prototype, $500 M. 
1 . 0  GENEFWL OF JECTIVE: 
Analysis of the exis t ing  posts1 content  ind ica tes  tha t  the personal let ter  
.5 
is o n e  of the  l e a s t  components ,  a n d  t h e  bulk of what  is in  the  mailbox a r e  
commercial not ices ,  l e g a l  documents and  adver t i sements .  A . 'gnifizant com- 
ponent cons i s t s  of maga zine/newspapers . Dependence upon surface mai 1 
. . 
t ransport  for documents is cos t ly  and  somewhat less than dependable. 
An extension of facs imi le  reproduction, i f  brought t o  the  l eve l  of the  
individual  home, o r  off ice would fulf i l l  the  majority of the  requirements al though 
I I 
some securi ty precautions w culd b e  needed to  e s t a b l i s h  :rue-cop; legal i ty  
I 1 
for  some.  However, m a s s  mailing, subscript ion material  (magazines, newspapers)  t 
could  literally be del ivered automatical ly and concurrently t o  every res idence  
with o n e  transmission. 
* 
2 . 0  PRODUCT TO EARTH: 
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Considerable savir.gs in information distribution c o s t s ,  manpower, f u e l ,  
i nc reased  productivity, u s e r  car! s e l e c t  what t o  rece ive  and  copy.  
3.0 KErf OBJECTIVES : 
Establish meaningful t ransfer  of information a t  high efficiency; posi t lve 
transmission of documents by e lec t ronic ,  not material  means ,  direct  from sender  
to receiver; eliminate w a s t e  of c o s t s  and resources for u n n e c e ~ ~ a r y % h o t g u n "  mail 
distr ibution,  while a s  suring tha t  receivers  who want  the  material will  receive i t ,  
and only that  which they want .  Extension to internat ional  mail in obvious. 
i 
Using cable te levis ion  techniques ,  a number of n a i l  collection/distribution 1 
c e n t e r s  would link the  many recipients  t o  the  many senders  vi3 a high capaci ty  1. 
s a t e l l i t e  relay. The two terminal e n d s  w m l d  be a n  "intel l igent" facsimile dev lce .  
Digital  s ignal  processing a t  t + c  c e c t e r s  would combine the  origlcators "mailing 
8 
list" to the I-ecipients "interest  profile", thereby assu r ing  tha t  only those  
65 
concerned in thc document content are  linked. 
?- 
4.0 PRINCIPAL CCNTRIBUTIQNS: 
.. 
Replacing physical transport of printed material by electronic methods 
may be the only way to  rescue the  USPS from i t s  presently deteriorat,:~g s ta te .  
Large quantities of *apzr (waste dispo$al) , gasoline (aircraft, trucks) and 
undcr-utilized manpower are required to  operate the existing system. Zip code, 
autoqat ic  sorting and regional centers are inadequate bandaids to cover up the 
nearly unsupportable task of d i~ t r ibu t ing~many billions of pieces of paper each 
gear. 
5.0 LEVEL OF CONTRIJUTION:  
The Electronic Mail concept wou!d link every individual to  any other 
individual or selected groups of individuals. All t h e  preserit USPS services 
(except parcel post) would be accommodated w i t h i n  hours, rather than days, i n  i. 
non-polluting , material-resource-free form. Electronic forms repiact- nearly a1 1 
printed information media. 
6.0 UNIQUENESS OF CONTRIBUTIQN: 
Electronic mail, i n  th i s  concept, would provide more rapid, certain 
and secure delivery of information. No outside parties handle any communication; 
le t ters ,  b i l ls ,  nev~spapers , e tc  . , m v e  from magnetic tape to magnetic tape 
(a re-useable media)'. The recipient reviews the message on a TV screen,  and, 
i f  a file copy is desired, causes  an  output to a separate file tape on to s! micro- 
fiche record (C,  0. M . ). 
Billing statements and payments are  a l so  electronic; magazines and news- 
J papers a re  scrambled s o  that  only those who have paid for a subscription can 
& 
receive i t .  Advertising (junk mail) is limited to those subscribcrs who have 
. . 
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indica ted  an "interest profile". Private mail is address-coded su only the  
rec ip ient  with ths t  cede c a n  read t h e  message .  
7.0 TIME FACT0 R: 
Com.plete linkage, wi th in  a given a r e a ,  ins ide  of five years: about the  
same time t o  ins ta l l  a c a b l e  TV system:'l Actual ra te  of expansion would be  
determined by the  community's accep tance  and  wi l l ingness  t o  subscribe to 
f 
this service. Sate l l i te  l inkage,  point-to-point between the  C'TV centers  
could u s e  e x i s t h g  DOMSAT or SBS s y s t e m s .  On-going experiment i n  Japan,  
using fibre-optic cab le ,  wi l l  provide evaluation of f e a s i d i t y ,  cos t  3nd 
cus tomer  acceptance .  
PRINCIPAL INSTALLATIONS AND FU NCTIO NAL UNITS: 
Space: One or  more SBS s a t e l l i t e s .  
Ground: 1000 ground col lec t ion ,  switching a n d  distribution 
c e n t e r s  (commercial) through which the  USPS may 
l e a s e  one  o r  more time-shared channels  for first- 
class mail .  
6 Ground, Subscriber: Approx. 60 x 10 households ,  and 10 x 10 6 
b u s i n e s s  opera t ions  vi m!d u t i l i ze  "Intelligent 
Terminals". 
10 .G PRINCIPAL TECHNOIOGIES: 
Expznded chcnnel  relay sa te l l i t e s ;  automatic s o r t ,  swi tch  and fomrard 
processors ;  minor expa rision of computer terminal capab i l i t i e s ;  devehpment  
of fibre-optic s a b l e  s y s t e m s .  
11 . IMPACT SPECTRUM 
Technology With in  s tdte  of design. 
Economy Large number of jobs for  CTV suppliers, instal lers ,  
and operators; ful l  USA-system would require nc 
subsidy, perform more satisfactorily,  and increaso 
pmductivi ty for a1 1 nonmanual labor operations : a 
l e t t e r  could be transmitted and a reply received 
w i t h i n  hours rat+er than dqys. Postal workers re- 
trained as operators and maintenance. 
System could save a t  least  $1.6 b i i  1 ion per year 
(present USPS subsidy), millions of man-hours, save 
fuel , re1 ieve physical transport facil i ti es , etc. 
Present USPS could concentrate on parcel post problem 
(16 bi 11 ion packages per year). 
Environment Considerable reduction i n  paper pmduction and dis- 
posal ; large reduction i n  fuel requirements. 
Social Instal lation of "wired city" plus sate1 1 i tes for 
long-distance relay, with Intelligent Terminals i n  
every home, would also provide the capability for 
"education a t  home," "comnuting by sate1 1 i t e  ," 
"information exchanr~.e," 2nd remote access to computer 
power, etc. 
Temporary dislocation of postal s t a f f ,  producers 
of paper and printing presses lose markets, truck 
manufacturers and fuel suppliers would a l l  be 
affected, temporarily . 
ORIGINAL ?AGE Ifi 
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Pci l  t i c a l  USPS monopoly on handling f i r s t  class mail would 
be upset; AT&T, IBM, and d ig i t a l  processor manu- 
facturers (1 i ke Col 1 ins) would react; paper suppl i e rs  , 
pr in t ing  plants, and stamp col lectors would, be upset. 
. . 
Congressman (free franki ng p r i  v l l  ege) would demand 
equivalent servi ce. Except f o r  protestations from 
unions and suppliers noted, no internal p o l i t i c a l  
impact i s  seen ; international aspects would improve 
as cmunica t ion  (mail) i s  extended to  other nations. 
Sc ient i f ic  No impact. 
12. CAPITAL TO IOC 
No governmental funds required; t o ta l  system would be conmercial . 
USPS retains monopoly on f i  rs t -c l  ass mai 1 by 1 easing channels. Equivalent 
t o  ins ta l l ing  one pay TV net per post of f ice; terminals, about as much as 
development cost o f  a minicomputer (have no clear data, but would be 1 i ke 
$4 t o  $10 M. Production f a c i l i t y  might require another $25 M. Retail pr ice 
should be less than $500. 
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U. MEDICAL AID AND INFOMATION - U.S. 
1.0 GENERAL OBJECTIVE: 
To provide prinary health care services to remote a reas  without a c c e s s  
to hospital facil i t ies or in-residence medical doctors. A recent sunle)! indicates 
that  over 100 counties in the USA have no resident physician. 
2.0 PRODUCT TO FARTH: 
A major part of primary diagnosis and treatment can be delivered by 
paramedic personnei on-site with advice and guidance from centrally-loca ted 
experts. A maxim of medicine is that recovery is greatly enhanced by initiating 
treatment a s  early a s  posrible to "stabil ize" the  patient; a complete diagnosis 
and recovery can then be made. By utilizing widely-distributed paramedics, or 
"physician ass i s tan ts" ,  health care can  be brougnt to  the victim rather than 
requiring the victim to  c o n e  t o  a distant medical faci!ity. 
KEY OBJECTIVE: 
Provide a n  access ib le  communication link (relay satell i te)  between widely- 
dispersed paramedical personnel and the limited number cf profesc 1 medical 
specialists  located in centralized hospitals.  Provide t r a i ~ i n g  ior many additional 
. 
physician ass i s tan ts  for assignment to  remote areas .  
4.0 PRINCIPAL CONTRIBUTIONS: 
Provision of primary medical observation and treatment to  areas  where :lone 
now exis ts .  Present paramedic teams provide good service  to  densely populated 
urbadsuburban areas;  extensicn to thinly-populated a reas  is limited by txansporta- 
tion and communication obstacles .  Availability of comnruMcations unlimited by 
wire or line-of-sight capabil i t ies allows distribution of persorinel to remote areas. 
5.0 LEVEL OF COXTRIBUTION: 
Direct delivery of help and treatment to  the patient or victim. Present : i 
system requires delivery of patlent to  a distznt treatment center; patients -.*rho 
are seriously i l l ,  or  accident victims, may not survive the transportation arid , . ; :,
. . 
delay . ! ';
1 i 
6.0 UNIQUENESS OF CONTRIBUTION: 
! .' 
Improvement of the present system is possible i f  a communicatiot?~ link 
. 
unrestricted by geography or surface facil i t ies is pr&ided. A satell i te relay 
does overcome geographical limitations. EHF radio is limited by both lit?.=?.-of- 
.r 
sight and atmospheric: attenuation, but is more than adequate to reach a s:.~r.chronous :. 
satell i te.  
7.0 TIME FACTOR: 
I 
The space ele'ment could be in  place by 1985; the dispersed p a r a z ~ 2 c s  
could a l so  be trained and in place by this time. Extension to  other ~ a t i o z s  
(using additional sate l l i tes)  would be governed by the demand for similar cep- 
abil i t ies.  
8.0 PRINCIPAL INSTALLATION: 
Space Relay Satellite with multi-lobe "spot-beam" antenna. Two-way 
linkage a t  high frequencies reduces s i ze  of antenna and total power needed. 
Antenna Diameter: 15 fee t  
100 No. of Lobes: 
No. of Channels/Lobe: 10 
 ban^ vidth/Channel: 15 kHz 
Power-gain/Cha nnel : 30 db 
Prime Power: 5 k W  
Orbit : Synchronous,  Equatorial 
Ground: Paramedic grcund transmit ter  must  be light and  bdtterf-  
powered. Voice, narrow-band data  capabi l i ty  is required. Base 
s ta t ion  is similar  but mu1ti;:lexed to s e r v e  s e v e r a l  paramedics s imul-  
Antenna Diameter 1 foot 
Band Width 15 kHz - 
Power-gaidChanne1 30 db 
Prime Power 1 0  wa t t s  
9 .0  PRINCIPAL FUNCTIONAL UNITS 
Space:  1 to  10 s a t e l l i t e s  
Ground: 50 ,000  paramedics (one per  5000 population) t i ed  to 1135 
regional  hospitals  (most a l r e a d : ~  e x i s t  but need t o  add the  emerge:-cy- 
response  capabil i ty) .  
10.0 PRINCIPAL TECHNOLOGIES 
RF sys tem des ign,  multi-lobe antenna development; ground terminel  des ign.  
11 .0  Ib4PACT SPECTRUM. 
Technology: Existing 
Economy: Employment for 50,000 paramedics,  manufacturir.g jobs 
t o  build terminals ,  greater  ut i l izht ion of medical  suppl ies .  
Environment: No impact .  
Social:  Improvement i n  pat ient  survival  and ra te  of recovery; 
provide heal th  service  to large segments  of population t h a t  h a v e  none a t  
present .  
7 3 
Political:  Grea t e r  benef i t  t o  taxpaycr  t h a n  Nst ioncl  Heirlth 
In su~~ar i ce ;  shculd be welcomed by A . M . A .  t o  avoid nationalizat!.on 
of doctors  ' services. In te rna t iona l  (global) ope ra t ions  would e n h a n c e  
re la t ionships  wi th  developing coun t r i e s .  
Scientific:  In te rchange  ci medica l  t rea tment  nethcds be tween  
cu l tures  wou Id spread sc i en t i f i c  knowledge rap id ly .  
Space Element: (one) $SOOM 
Paramedic Terminals:  (@ $10K) SSGOM 
Base Terminals:  (@ $50K) $5M 
Paramedic Training: (@ $2010 $1000M 
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1. GENERAL OBJECTIVE 
As oil and other mineral resources become s c a r c e ,  it is imperative 
that new techniques be found to increase  our capability t o  locate these  minerals.  
The proposed system would greatly enhance our capabil i ty to  locate t h e s e  ever- 
dwindling resources. 
2 .  PRODUCT TO EARTH 
Image negatives a t  a wide variety of wavelengths. 
3 .  KEY OBJECTIVES 
To provide multi-spectral analys is  of the  earth t o  determine the location 
of geologic formations, s tructures,  and lineaments in  order to  locate possible 
resenroirs of o i l ,  g a s ,  a s  well  a s  zones of mineralization. 
4 .  PRINCIPALCONTRIBUTIONS 
This system will  provide a quick,  eff icient ,  and less expensive means 
of locating resources. 
5 .  LEVEL OF CONTRIBUTIONS 
There is a definite need to increase  land-surface coverage and the  deta i l  
of th is  coverage i n  order to  increase  our mineral exploration capabil i ty.  The 
needs can be m e t  quite  eas i ly  using a resource-evaluation sa te l l i t e ( s ) .  
6.  UNIQUENESS OF CONTRIBUTION 
Tha trend in resource exploration is i n  a direction which wil l  rely more 
and more heavily upon sa te l l i te  reconnaissance.  Satel l i te  observation using 
I 
photographs a s  well  a s  multi-spectral scanners provides data which are  of such i 
i 
quality that  they can be  obtained by no present al ternat ive.  However, the  1 1 
Thematic Mapper, t o  be  launched in the mid-19808s, may be  a viable al ternat ive.  I t. 
I 7.  TIME FACTOR 
The proposed system is required a s  soon a s  possible. Our nations 
a ever-dwindling energy supply requires a n  increase in our capability t o  locate 
these resources. 
8. PRINCIPAL INSTALLATIONS 
The primary installations will be space-based monitors. Data acquisition 
will be from space-based observatories. However, earth-based sensors can 
be utilized in conjunction with the space-based monitors. 
9. PRINCIPAL FUNCTIONAL UNITS 
Space-based functional units may be manned or unmanned obsen ion 
platfom(s). The earth-based sensors may be useful in accumulating certain 
data which can then be transmitted via satellite to a central ground station. 
10. PRINCIPAL TECHNOLOGIES 
Technological advances are required to  expand the capability to  differ- 
entiate rock types,  soil  composition and geologic structures. 
11. IMPACT SPECTRUM 
The spin-offs of this system could be numerous. The detectability of a 
large variety of phenomenon could result from the technological advances 
required for this proposal. 
This prcposal could significantly enhance the U . S . energy reserve and 
will have a positive impact on environmental concerns. 
1 2  . FRONT-END CAPITAL 
Satellite development and production 
Launch (0°) VAF3 
Ground service 
Transportation (Shuttle flights to  retrieve film) 
Processing of data 
$ 10-50M 
1 OOM 
50M 
U. CROP MEASUREMENT 
1. GENERAL OBJECfIVE 
To evaluate the  phyeical axtent ,  maturity, and heal th of various crops. 
. . 2. PRODUCT TO EARTH 
Photographic negatives m d  mult ispectral  p r i n t r  i n  a va r i e ty  of fre-  
quencies t o  allow f o r  crop analyrie .  
3. ICEP OBJECTIVE 
The proposed syetem w i l l  provide a quick, e f f i c i e n t ,  and accurate means 
of monitoring the  mtage of daveloprnent of crops aa well as the detectton of 
crop disaases. 
4. KEY OBJECTIVE 
The proposed system w i l l  contr ibute s igni f icant ly  t o  man's a b i l i t y  t o  
control ,  regulate,  and monitor the  development of crops. 
5. TLEVEL OY CONTRIBUTIONS 
Millions of do l l a r s  a r e  l o u t  every year due t o  the  l a t e  detection of 
diseaea and insec t  ln fes ta t i cn ,  a s  well  as the  unexpected surplus of crops. 
The propoeed system vould grea t ly  e n h t c e  man's capabi l i ty  to  reduce thase 
loses. 
6. UNIQUENESS OF CONTRIBUTIONS 
Outer space providas a uniqlie opportunity t o  observe and analyze v a t  
anam of crops using a va r i a ty  of sensorr.  This capabi l i ty  is  available on 
a l imited b u i r  from LANDSAT data. The Tl.rmatic Mapper, t o  be launched 
in the  mid-1980's w i l l  i nc reme  these capabfl.itier. 
7. TPiE FACTOR 
This 8pstem rhould be implemsnted ae soon as p o s s i b l ~  
8. PRINCIPAL INSTALLATIONS 
Tha pr inc ipa l  i n s t a l l a t i o n s  would be apace-baaed and cons i s t  of o rb i t i ng  
oborrvatozier t h a t  would tranamlt mul t i spec t ra l  Cata. The photographic nega- 
tives would be re t r ieved  by Shu t t l e  f l i g h t s .  
9. PRINCIPAL FUNCTIONAL UNITS 
No supporting u n i t s  required. However, ground tnr th ing  w i l l  be  required 
t o  enhance cvaluation. 
10. ZRINCIPAL TECHN9LEIES 
C r i t i c a l  technologies w i l l  be  required i n  t he  a r ea  of remote sensing 
in ordcr  t o  b e t t e r  d i f fe ren t ia te  crops and evaluate  t h e i r  maturi ty  and hea l th .  
11. IMPACT SPECTRUM 
Technologically and s c i e n t f i c a l l y  t h i s  system would requi re  advancement 
of the  state-of-the-art  of remote sensing t h a t  would pos i t i ve ly  impact the  
area of mineral exploration. 
Soc ia l ly ,  p o i i t i c a l l y ,  and economically t h e  proposed system would have 
benefi te .  In general,  it would allow b e t t e r  crop u t i l i z a t i o n  and therefore  
maintain a more s t a b l e  p r i c e  system f o r  a g r i c u l t u r a l  qoods. 
12. FRONT-END CAPITAL 
S a t e l l i t e  development and production $200 M 
Launch (0') VAFB $24 M 
Grow d Service $10 - $5G M 
Transportation (Shutt le  f l i g h t o  t o  $100 M 
r e t r i e v e  film) 
Processing of da t a  $50 M 
14. OCEAN RESOURCES AM) DYNAMICS 
I -  GENZUL OBJECTIVE 
The xurld ' r  oceurr, comprising almoot 70 percent of the surface, repre- 
sent r v in t  rrource of food, minerals, and chemicals v i r t u a l l y  untapped today, 
but e r s e n t i a l  i n  the future. dnwledge of f i s h  feeding groundr, migratery 
habits ,  and ocean currents  is sparse. Sensing ocean surface condition8 
(temperature, m i r e i v f t y ,  and various wavebands from I R  t o  v i s ib le )  can locate  
rchoolr of f i r h ,  plankton, and currents;  t r ace  ~ g r a t o r y  herds, e t c .  A n e a r  
ear th  space observation platfonu would provide t h i s  exploratory data. 
2. PRODUC:I: TC EARTH 
An increase i n  p r o d u c t i c ~  of prots in  by locat ion and (potential)  manage- 
ment of r ea  l i f e ;  kncwledge of sea  currents ,  both v e r t i c a l  upwelrs and 
horizontal movement; and iden t i f i ca t ion  of kelp and seaweed areas f o r  harvest- 
ing. 
3. KEY OBJECTIVES 
Provide an observation platform t o  aurvey and map ocean areas,  currents ,  
and rerource areas; improve world food production by identifying f i s h  feeding 
areas and time of year when present;  and es tab l i sh  resource management and 
conservation procedures t o  avoid wer f i ah ing  ce r t a in  species and areas. 
4. PRINCIPLE CONTRIBUTION 
Increased knowledge of t h i s  v a ~ t ,  largely unknown rescutce w i l l  penult 
gre-.ter (and b e t t e r )  exploi tat ion f o r  increasing human neede. 
5 .  LEVEL OF CONTRIBUTION 
Guidance t o  a l l  sea-harvesting nations t o  t s e  moe:: productive l o c a l  
areas : present f i s h  harvesting t ;~chnology as  "hunt ~ t i l  found," r e l y h a  
upon past  emerience (seldom shared) of inE t vidual fishermen, 
6. UNIQUENESS OF CONTRIBUTION 
E x p l ~ r a t i o n  and monitoring v i a  s a t e l l i t e  provides da t a  i n  ncar  r e a l  
time ( fo r  f ishing)  and understanding of ocean dynamics and resources un- 
obtainable by sur face  o r  a h  observation. One s a t e l l i t e  could cover a l l  
ocean areas  every 12 hours. 
7. TIME FACTOR 
Unmanned s a t e l l i t e  could be i n  p lace  by 1980; present SeaSat i e  proto- 
type. Downlink da ta  would requi re  a synchronous da t a  re lay  (such as TDRS) 
at the  same t i m e .  
8. PRINCIPLE INSTALLAZON 
(Space only) - S a t e l l i t e  i n  300-mile polar  o r b i t  with IR and multfbanci 
sensors;  24 t o  30 MHz downlink da t a  rate, 100-foot surface reso lu t ion ,  with 
.002- degree Centegrade s e n s i t i v i t y .  
Weight - 25,000 pounds 
Size - 10 x 60 f e e t  
(erected) 
Raw power - 25 kW 
9. PRTNCIPLE FUF1CTIOt;Bt UNITS 
Space - One s a t e l l i t e ,  plus TDRS (2). 
Ground - One control ,  t racking,  and a a t a  handling center ,  
l inked by voice/facsimile  t o  a l l  major and minor 
f i sh ing  centers  and f l e e t s .  
10. PRINCIPLE TECENOLOGIES 
. MuJ t i s p e c t r a l  da t a  reduction, including unique "signature" 
analysis  and i d e ~ t i f i c a t i o n .  
. Long-term cryogenic cooling of long-wave IR sensors.  
11. IMPACT SPECTHUM 
. Technology Extension of ?resent development. 
. Economy Generate worldwide market f o r  fish-location 
service. 
. Social  By increasing a v a i l a b i l i t y  of protein ( f i sh)  t o  
developing nations, t h e i r  l iv ing  standards, heal th 
and productivity would be improved. 
. P o L i i c a l  No impact nat ionallv;  in ternat ional  r e l a t ions  
would improve. 
. Sc ien t i f i c  Much increased knowledge of ocean dynamics would 
help understand the  c l imat ic  aspects of the  
ca r th  . 
. Capital t o  IOC Space only .- about $300 M. 
15. WATER RESOURCE MAPPING 
1. GENERAL OBJECTIVES 
For third-and fou r th -wr ld  count r ies  t h a t  are seeking t o  expand t h e i r  
ag r i cu l tu ra l ,  as we l l  Sij i a d u s t r i a l ,  base, the  a v a i l a b i l i t y  of water i s  of 
paramount importance. water qua l i t y ,  quant i ty ,  and seasonal  va r i a t i on  all 
bear  on developmental decisions. Synoptic mapping v i a  ground o r  a e r i a l  
sucveys consumes scarce  resources and can requi re  years  f o r  completion. 
2. PRODUCT TO EARTH 
Photography from e a r t h  o r b i t  at appropriate  frequencies can provide the  
, 
required data. The da t a  can be i n  e i t h e r  f i lm  o r  video s i g n a l  format. Large 
areas  can be covered a t  sa t i a f ac to ry  resolut ion.  
3. KEY OBJECTIVES 
Perusal of a sample of current  development plans f o r  third-and fourth- 
world countr ies  reveals  t h a t  t he  conduct or  water resource surveys is an 
almost universal  object ive.  
4. PRINCIPAL CONTRIBUTIONS 
Water resource mapping from e a r t h  o r b i t  would Sc more economical, f a s t e r  
(once the  system is operat ive)  than cur ren t  mapping wthods .  Synoptic changes 
w i ~ h  the  season could be readi ly  obtained. 
5. LET3Et OF CONTRIBUTION 
Conventional a e r i a l  surveys cos t  $200 t o  $300 per  square mile. I f  water 
resource mapping s a t e l l i t e  cos ts  $100 M ,  i t  would break even i n  mapping 
400,000 square miles,  o r  l e s s  than the  land area of 6 of t he  1 3  fourth-world 
countries.  
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6. UNIQUENESS OF CONTRIBUTION 
Conventional aerial o r  land eurveys provide data va l id  f o r  the  time 
( L a . ,  season) of the  survey. Four-seaaon coverage would quadruple coat. 
Four-seaaon o r  r epe t i t ive  coverage from ea r th  o r b i t  would incur only marginal 
coete. LANDSAT C and subsequant Thematic Mapper w i l l  contain required '  capa- 
b i l i t y .  
7. TIME FACTOR 
Near term, 1980 - 1985. 
8, PRINCIPAL INSTALLATION 
One s a t e l l i t e  i n  sun-synchronous polar o r b i t  could cover the  e n t i r e  
ea r th  every 14 t o  18 daye, depending on a l t i t u d e  and view angle. Because of 
the  poss ib i l i ty  of cloud cover, several  passes m y  be required to  obtain data. 
Nationals could be trained t o  do photo in terpre ta t ion  and gather ground t r u t h  
data. 
9. PRINCIPAL FUNCTIONAL JUNITS 
Spacecrpf t - Constellation s ize :  1 
Weight 200 pounds - Orbit : Sun- synchronous 
Power 1009 watts  
Size 10 f t .  d ia .  
x 15 f t  . lens  
10. PRINCIPAL TECl2IOLOGIES 
Water-sensitive sensors with high resoJ u tion. 
11, IMPACT SPECTRUM 
Technical - 
Economic - 
0 Environmental - 
Social  
P o l i t i c a l  " 
S c i e n t i f i c  - 
12. FRONT-END CAPITAL 
Acquisition Cost 
Launch Cost 
System i e  minor advance over e x i s t i n g  technology. 
Applicable t o  o ther  water-related missions (i.e., 
snow-pack measurement) . 
Need to devise plan f o r  f i n a n c i a l  reimbursement 
from user  nations.  Marked cos t  benef i t  advantage 
over current  approaches. 
No detr imental  e f f e c t s  o ther  than launch vehic le  
exhaust . 
Conducive t o  accelerated r a t e  of development of th i rd-  
and fourth-world countr ies  through more e f f i c i e n t  
development planning. 
Possibly increased in t e rna t iona l  good-will  towards 
the United S ta tes .  
Serendipitous discoveries  l i k e l y .  
- $80 M (LANDSAT evolution) 
- $24 M 
Annual Operating Cost - $10 M t o  $100 M, depending on number of ground 
s t a t i o n s  and da ta  processing support required. 
16. RUNOFF FORECASTXNG 
1. Central Oblectiw 
Snowpack r l t ; n g  is one of the primary causes of floods i o  thc U.S. In the 
rprinp of 1973 35,000 parsons were driven from t h e i r  home*, mad over 20,000 rquare 
rriler were iuntmdated by flooding i n  the Masouti-Missiseippi River val leyas The 
dauge incurred was estimated t o  be $ M. The extent of flooding could h a w  
bean reduced by be t t e r  water management i n  the dam along the Uisaouri. (Port 
Peck, Fort Randall, Garrison, Oahe, Tu t t l e  Creek and Yelloutai l) .  However, 
b e t t e r  management would require b e t t e r  knowledge of the  snowpack and f o r e c u t i n g  
of the runoff. Snawpack measurement from space would provide e s r e n t i a l  da ta  
for  improved water management. 
Product t o  Earth 
Snarpack measurepent da ta  and water l e v d  i n  t r ibu ta r i e s  of major r ivers .  
Key Objectives 
A. Reduce flood damage by drawing dawn doma i n  anticipat ion of runoff. 
B. Maximize water storage for  i r r iga t ion  and puuer generation v i t h i n  minimal 
damage c r i t e r i a .  
Principal  Contributions 
A. RPCwed property damage, reduced crop losses,  reduced loss  of l i f e .  
8. More accurate and timely data than obtainable by surface surveyo. 
l e v e l  of Contribution 
&rial surveys cost  $200 t o  $300 per square mile. Several 100,000 square d l e a r e a  
would need t o  be surveyed each year t o  manage the runoff on the Mssouri-Hissirsippi 
River. 
- 
6. Uniqueness of Contribution 
Snawpack wasurement from o r b i t  has been tes ted  with LANDSAT da t a  and 
proven feas ib le .  Runoff forecas t ing  and water management would require  addi- 
t i ona l ,  unique temperature da t a  and s tream water l e v e l  data. 
7. Time Factor 
Near Term: 1980 - .1.985 
8. Pr inc ipa l  I n s t a l l a  t i o q  
%o s a t e l l i t e s  i n  sun synchronous po la r  o r b i t  could provide complete e a r t h  . 
coverage every 7 t o  9 days depending on sensor  view angle and s a t e l l i t e  a l t i t ude .  
Data would be  relayed t o  ground s t a t i o n s  where i t  would be computer proceseed 
and analyzed by computer comparison with topographic data. Results would be 
provided to  appropriate  government agencies. 
9 .  Pr inc ipa l  Functional Units 
Constel la t ion size: 2 
Orbit: 500 NMI. c i r c u l a r  po la r  
Sun-synchronous 
Spacecraft  : 
Weight 2000 l b  
Power 1000 wat t s  
S ize  10 Ft Dia X 15 Ft  Len. 
P r inc ipa l  Technologies 
Temperature sensors;  water and snow sensors  
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11. Impact Spectrum 
a. Technical: System is minor advance over e x i s t i n g  technology 
b. Econodc: Flood damage reduction by half  l i ke ly .  Market s e rv i ce  t o  
foreign countr ies .  
c. Environmental: Highly bene f i c i a l  i n  a l l e v i  at.'ng p o t e n t i a l  flood damage 
d. Social: Reduction of crop and pasture land losses, Improved i r r iga -  
t ion and energy production by improved water management. 
e. Po l i t i ca l :  Provide runoff forecasts  t o  foreign natiosre. Provide d ieas te r  
aasaamcrr t of nnsoon-f looded regions. 
f. Sc ien t i f i c  : Sarendipi tous discoveries of water sourcea l ikely.  
12. Front End Capital 
Acquiei t im Cost $12OM (LANDSAT evolution) 
Launch Cost $ 24M 
Annual Operating Cost $ 5M t o  $20M depending a extent of service  pro- 
vided. 
17. GLOBAL EFFECTS MONlTORl NG 
General Objective: To develop an understanding . . . leading to prediction 
and, perhaps, even mod i f icat ion/con trol of the long- term dynamics of 
earth surface, atmosphere, and magnetosphere, principal ly applying to 
weather, cl imate, and RF communications. 
Product to Earth: Initially, science only. Eventually the ability to make 
accurate long-range forecasts of major weather/climate conditions on a global 
basis. Also, predictior? of solar-activity-caused comnunlcations effects. 
Key Objectives: The principal aspect of this initiative i s  the Solar 
Terrestrial Observatory whose 
the solar activity to t!le var 
magnct~ s2here a d  atmosphere. 
(a) if the sun/earth coup1 i ng 
mission i s  to investigate the coupling of 
iability and dynamics of the earth's 
Added to this (in this initiative) is: 
does not explain it, what does? and, 
(b) a degree of predictabi 1 i ty of the sun's processes that do affect earth. 
Principal Contributions: The principal contributions are (a) longer-range 
weather forecasting, very long-range climate change prediction, possibly 
clues as to how to modify or control major weather/climate-caused natural 
catsstroph! es, and (b) more re1 iable RF c m u n i  cat ions. 
Level of Contributions: Varies with time and global scope, but could 
become significant to the gross world product (i.e., possibly enormous 
impact). 
Uniqueness of Contribution: Space is the only vantage point for unfiltered 
viewing of tho sun and is a unique vantage point for observing/measuring 
earth phenomenon. 
Time Factor: 1990'5 for major understanding (science) advancements. 
Modification!control well into the 21st Century. 
8. Pr inc ipa l  ins ta l la t ions :  The ST0 i s  comprised of four  basic space 
elements: 
(1) A manned module attached t o  the low Inc l ina t ion ,  law-earth-orbit  
space stat ion.  This module w i l l  contai3 computers fbr processing 
and analyzing raw data required from the other spacecraft (via 
TDRS). Only processeu data w i l l  be transmitted t o  the mission 
center on earth. Conceivably, tapes containing selected raw 
data could be transported t o  ear th  on re turn  Shut t le  f l i g h t s .  
The module would be s ta f fed  by a crew o f  s ix .  
(2) A module attached t o  the Pub1 i c  Service Plat fonn i n  geosynchronous 
o r b i t  t o  obta in data on so lar  var ia t ions  on the Surface o f  the 
sun, and t o  make d i r e c t  p a r t i c l e  measurements of the solar  wind 
and i t s  var iab i  11 ty.  
(3) A magnetospheric s a t e l l i t e  i n  a h igh - inc l~na t ion ,  1 
o r b i t  t o  invest igate the magnetospheric condit ions 
from changes i n  the solar  wind. 
(4) A network of s i x  solar  wind sate1 1 i tes placed outs1 
ow ear th 
tha t  resu 
de of the 
magnetosphere t o  obta in  data on the temporal and spacial p ro f  l lo 
of the solar  wi ld .  
Ground ins ta l  l a t i ons  w i  11 be basical l y  the natura l  ext rapolat ion o f  ex1Lting 
meaning and data process lng functions, except t h a t  mr ld -w ide data i s  
important t o  the understanding o f  var ied regional effects. 
9. Pr inc ipa l  Functional Units: TI-e space s ta t i on  module contains: o p t i c a l  
Instrumentation f o r  studies o f  the sun and solar a c t i v i t y ;  op t i ca l  
instruments; -1 id6r; aod.rediometry iost~ameets t f o r r s tud t r s  o f  t h e h a r t h ' s  
atmosphere; and ac t i ve  instruments and p a r t i c l e  measuring devices fo r  studies 
of the magnetosphere. It needs large enough crew to have the Investigations 
occur around-the-clock. The smaller satellites are more like OAO or OSO 
-_2_______ _ 
- d z e  and complexity. 
't 10. Principal Contributions: The new technologies are reasonable extrapolations 
of present state-of- the-art, port i cu 
processing of doppler effects, elast 
spectrum and absorption signatures. 
space station module are: 
larly in lidar, laser radars and data 
ic scattering, e:ectromagnet!c 
Other system requirements for the 
Power - 
Pointing - 
Orientation - 
Cooling - 
Data - 
Telemetry - 
Payload Weight - 
Crev Size - 
5 kW average; 20 kW peak 
arc seconds for optical instntments 
earth-pointing for atmospheric instruments; 
sun-poir Ling for eolar instruments 
cryogenics for IR and ;:her instruments 
1 Mbps peak (on-board recoding and analysis 
equipment required; 
downlink-voice, real-time TV, periodic data 
transmittal 
uplink - same ao above 
unpreasurized - 10,000 kgm 
pressurized - 3,000 kgm 
2 + 2 (12-hr shifts) 
1 1 .  Impact Spectrum: Weather i s  a paramount driver in the aaily lives of most 
of the people of the earth. Certainly many losses of crops, bul ldlngs, etc. 
could be saved with better short-ranqe weather prediction. Long-range 
climate change prediction (if be1 ieved) could avert, or at least m l t  ,ate ,  
major mu1 t i-year catastrophes ( to many). Hwever, in such an interrelated 
system as global weather and climate, there w i l l  surely be legal and 
po l i t i ca l  fmplIcatlons. 
12. Front-End Capi ta l :  Approximately $1.0 B. 
18. LANDSAT D 
General Objective: To es tab l ish  feas ib i  li t y  and mer i ts  o f  high reso lu t ion  
mu1 t i spec t ra l  scanning o f  earth. 
Product t o  Earth: Synoptic ear th  data i n  seven spectra l  bands w i t h  
twice the reso lu t ion  o f  LANDSATS A, B o r  C. 
Key Objectives: Detect surface features - both permanent and t rans i to ry  
tha t  possess economic importance. 
Pr inc ipa l  Contributions: Demonstrate f e a s i b i  1 i t y  o f  acqui r ing high 
reso lu t ion  earth data - which, when analyzed, provides economic benef i ts .  
Level o f  Contributions: Based on LANDSAT A and B benef i ts,  LANDSAT D 
should d isp lay benef i ts  many times the cost. 
Uniqueness o f  Contr ibut ion: Improved reso lu t ion  and increased number 
o f  bands (over p r i o r  LANDSATS) present po ten t i a l  fo r  ear th  resource 
detect ion tha t  t w l d  exer t  riajor impact on food, mineral, and water 
resources and provide basic f o r  improved management o f  spaceshy ear th 's  
resources. 
Time Factor: Scheduled t o  be operat ional i n  1981. 
Principa! Ins ta l la t ions :  Ground s ta t ions  f o r  rece ip t  of data a:ready 
! n existence. 
Pr inc ipa l  Technoloqies: Thematic mapper 
i n  February 1977. 
P r i  nc toa l  Technoloqies: Sensors (themat 
Impact Skectrum: Impact ecor~omi cs o f  a1 
Front-End Capi ta l :  Funds authorized. 
convract awarded t o  Hughes 
i c  mapper! under development. 
1 nations. 
19. TOPOGRAPHIC MAPPING 
1. r a e r a l  Objective 
Bordere of maay th i rd-  and fourth-world countr iee  a r e  i l l -def ined .  
I 
These need t o  be  mutually es tab l i shed  p r i o r  t o  intensive, d e t a i l e d  mineral 
resource mapping. The mapping should be 0-4 s u f f i c i e n t  q u a l i t y  t o  enable 
1:62,500 (1  n i l e  t o  t he  inch) topographical mapping. Topographical maps a r e  
required f o r  r a t i o n a l  planning of roads,  dams, I r r i g a t i o n  cana ls ,  a i r f i e l d s ,  
e t c .  To map fourth-world courltr ; l i k e  Chad (495,000 square mi lee) ,  Ethiopia  
(395,000 square milee) , Ma!? (465,000 square mi les ) ,  Niger (458,000 square 
milao),  o r  Mauritania (398,030 e4uare miles)  by a e r i a l  photography, approxi- 
mately 7000 photographs would be required of oach i f  taken from an a l i c r n f t  
f l y ing  a t  60,000 f ee t .  I.~I con t r a s t ,  l e s s  than 150 s a t e l l i t e  pl~otographe would 
be requires. As  of A ~ g u s t ,  1976, the  only complete coverage of the  United 
S t a t e s  is a t  a ecalc of 1:250,000 (4 miles  per  i nch ) ,  which is tuo small f o r  
numy purpases. Computer proceasing would enable t he  automatic production of 
topographic maps from s a t e l l i t e  da te .  
2.  Product t o  Earth 
Stereophoto d a t a  (60 percent overlap) a t  high reso lu t ion .  
3. Key Objecrive 
High-reeolrftion ea r th  mapping v i a  s a t e l l i t e  w i l l  enable the  constructlo;r  
of de t a i l ed  topographic maps i:bcessary t o  na t iona l  developmental p l a n i n g .  
The topographic p r o f i l e s  w i l l  f a c i l i t a t e  geolcgical  ecrveys i n  search of water 
suppl iee  o r  mir.eral deposi ts .  
C 4. P r inc ipa l  Contributions 
Topographic da t a  a r e  e s s e n t i a l  t o  e f f e c t i v e  planning of t ranspor ta t ion ,  
water and energy systems. Because of thc long time and high cos t  required 
t o  gather  such da t a  by conventional means, developmental decis ions i n  t he  
above areas  w i l l  be made on fragmentary o r  erroneous data.  Generation of 
topogzophic da t a  by s a t e l l i t e s  can provide t h i s  da t a  economically and quickly, 
and ' 2:ause of ::ie wide a rea  covered by each frame, ground processing of t h e  
da ta  is reduced. 
5 .  Level of Contributions 
Conventional aerial surveys cos t  on t h e  order  of $200 t o  $300 per  square 
mile. By spreading t h e  cos t  of the  s a t e l l i t e  system over t he  many potentkal  
u s s r s ,  the  cos t  of obtaining the  needed da t a  should be reduced by an order  
of magnitude. Computerized processing of the  da t a  could make the  desired maps 
r ead i ly  ava i lab le .  
6. Uniqueness of Contribution 
No current  apace system can provide the  required data.  
7. l i m e  Factor 
--- 
Near term, 1980 - 1990. 
8. Pr inc ipa l  I n s t a l l a t i o n s  
A s a t e l l i t e  i n  a high inc l ina t ion  o r  sun-synchronous o r b i t  would be  required. 
Depending cn  technological advanceo, e i t h e r  high-resolution f i lm  - t o  be recovered 
by the  Shu t t l e  - o r  a high-resolution video system with e i t h e r  a very l a r g e  da t a  
s torage and high-speed dump capacity (or possibly da t a  re lay  v i a  s a t e l l i t e )  would i 
be required. Because of the spec ia l ized  na ture  of the computer processing and 
personnel s k i l l s  required, one f a c i l i t y  is envisioned. 
9. P r inc ipa l  Function Units  
C o n r t e l h t i o n  r i a e :  1 
Q r b i t  : Sun-aynchronour 
Spacecraft:  
Weight 3000 l b r  
Power 2000 watts, 
Size 1 4  f t  d i a .  x 
20 f t  l en .  
Payload : 
Self-loading camera and 
f i lm  r e e l s  o r  video scanner 
with da t a  s torage.  
10. Pr inc ipa l  Technologies 
High-resolution video, l a r g e  capacity da t a  s torage  o r  replaccable  f i lm  
s torage  and protect ion module v i t h  automatic f i lm  loading. The video approach 
is prefer red  because i t  would el iminate  t h e  need f o r  per iodic  Shu t t l e  support 
11. Impact Spectrum 
Technical - System i s  l a rge ly  an appl ica t ion  of military 
technology with modest improvements over cor rec t  
S -0-T-A . 
Economic - Plan f o r  amortizing cos t  would need t o  be developed. 
Environmental - No detr imental  e f f e c t s  o the r  than launch vehic le  
exhaust . 
Social  - Conducive t o  more e f f i c i e n t  development of t h i rd -  
and fourth-world count r ies  through improved develop- 
ment planning. 
Pol i t ical  - Possible need to establish international consortium 
to acquire and process nationally sensit ive data. 
Scient i f ic  - Serendipitous applications to geology, mineral, 
and water surveys. 
12. Front-End Capital 
Video Fi1.m 
Acquisition cost 
Launch cost 
Annual 10 - 50 105 - 150 
(service 90 days) 
20. HIGH-RESOLUTION RESOURCE SURVEY 
1. GENERAL OBJECTIVE 
To determine the beat applicat ion of various sec t ions  of land., from 
the  point  of view of agr icul ture ,  energy, recreat ion,  and r o c i a l  needs. 
2. PRODUCT TO EARTH 
Photographic and/or mult ispectral  scans indicat ing s o i l  , rock type, 
water t ab le  depth and boundaries, snow cover and other  per t inent  information 
t h a t  might a f f e c t  land use. 
3. KEY OBJECTIVES 
The proposed ayotem would provide a quick, e f f i c i e n t ,  and accurate 
means of performing land mapping and land inventory. 
4. PRINCIPAL CONTRIBUTIONS 
There is an ever increaming necessi ty t o  u t i l i z e  land t o  its beet 
capacity. The proposed system would allow e f f i c i e n t ,  arge-rcale, as w e l l  
ao detai led,  evaluation. 
5 LEVEL OF CONTRIBUTIONS 
Many thousands of acres of land a r e  unused o r  a r e  used ineff ic ient ly .  
The proposed system vould grea t ly  reduce t h i s  waste of na tu ra l  resource. 
6. UNIQUENESS OF CONTRIBUTION 
Outer space provides a unique opportunity t o  observe and analyze v a s t  
areas of land ueing a var ie ty  of rensors. This capabi l i ty  is not avai lable  
a t  present and would be especial ly useful  t o  underdeveloped countr ies  of the  
vorld. The best  a l t e rna t ive  t o  the  proposed system is the  Thematic Mapper 
t o  ba launched in the mid-1980'0. 
7, TIME FACTOR 
Thir oyetam should be  impleunented as soon as possible;  t h e  space hard- 
ware is r e l a t i v e l y  small and compact. 
8. PRINCIPAL INSTALLATIONS 
The p r inc ipa l  i n s t a l l a t i o n s  would be space-based and cons i s t  of o rb i t -  
ing platforms t h a t  would t ransmit  mul t i spec t ra l  da ta ,  The photographic nega- 
tives would b e  r e t r i eved  by the  Space Shut t le .  
9. PRINCIPAL FWNCTIONAL UNITS 
No supporting u n i t s  required,  although some ground t ru th ing  may be 
necessary. 
10. PRINCIPAL TECHNOLOGIES 
Cr i t ic l r l  technologies w i l l  be required i n  t h e  a r e a  of remote sensing 
i n  order  t o  b e t t e r  d i f f e r e n t i a t e  s o i l  types,  moisture, vegetat ion,  and o the r  
p e r t i n m t  cha rac t e r i s t i c s .  
11. IMPACT SPECTRUM 
Technologically and s c i e n t i f i c a l l y  t h i s  system would r equ i r e  advance- 
ment of t he  otate-of-the-art of remote sensing t h a t  would pos i t i ve ly  impact 
t h e  a r ea  of mineral explorat ion and crop management. 
Soc ia l ly ,  p o l i t i c a l l y  and econorriically the proposed system would have 
subs t an t i a l  benef i t s .  I n  general ,  i t  would allow b e t t e r  land u t i l i z a t i o n  
and provide f o r  long-range planning as a r e s u l t  of an accurate  land capa- 
b i l i t y .  
12. FRONT-END CAPITAL 
S a t e l l i t e  development and production $200 M 
Launch (0') VAFB 24 M 
Ground se rv i ce  10 - 50 M 
Transportation (Shuttle f l i g h t s  t o  r e t r i e v e  f i lm) 100 M 
Processing of da t a  50 M 
21. HICEI-RESOLTUXON MDAR MAPPER 
1. CEN&RAL OBJECTIVE 
Provide rur face  reoource and mapping da t a  f o r  cloud-covered rmgionr. 
2, PRODUCT TO EARTH 
Synoptic d a t a  on mineral rerources,  crops, rivers, and o the r  geographic 
charac te r io t ica  f o r  areas  where cloud cover precludes acqu i s i t i on  of d a t a  
via conventional s a t e l l i t e s  o r  a i r c r a f t ,  
3. KEY OBJECTIVES 
Provide developing na t ions  with i n t e r n a l  da t a  e s s e n t i a l  f o r  t h e i r  
na t iona l  development . 
4. PRINCIPAL CONmB'STIONS 
F a c i l i t a t e  mapping of inaccess ib le  regions of developing countr iee 
where perpetual  vegetat ion generated smog, haze, fog, o r  clouds prevent d i r e c t  
observation. Determine ex ten t  of flooding under cloud cover. 
5. LEVEL OF CONTRIBUTION 
Need add i t i ona l  d a t a  on ex ten t  of cloud-covered regions and proba- 
b i l i t y  of observation by conventional s a t e l l i t e .  
6. UNIQUENESS OF CONTRIBUTION 
Competition from radar  equipped mapping a i r c r a f t  needs t o  be  examined 
f u r t h e r  (side-looking radar ,  s y t h e t i c  aperture)  . 
7. TZME FACTOR 
1985 - 1990 
8. PRINCIPAL INSTALLATIONS 
Becauoe of need f o r  low a l t i t u d e  t o  improve reso lu t ion ,  coupled wi th  
da t a  r torage  l imi t a t ions ,  ground s t a t i o n s  (mobile) need t o  be  provided i n  
/ - 
a r e u  t o  be mapped. TDRS t o  cen t t a l  receiving s t a t i o n  i r  an a l ternat ive .  
9. PRINCIPAL FUNCTZONAL UNITS 
Ground - Mobile data receiving e ta t ione  equipped with in te rna l  power 
generating un i t s  and data  procesoing f a c i l i t i e e .  TDRS relay of da ta  t o  
cent ra l  ground e ta t ion  is  an option. 
Space - High-powered, radar equipped s a t e l l i t e  ( 1  t o  3 gigahertz fre-  
quency) i n  r e l a t ive ly  low polar o rb i t .  
10. PRINCIPAL TECHNOLOGIES 
S a t e l l i t e  - par t i cu la r ly  radar antenna and re la t ed  electronice. 
11. PlPACT SPECTRUM 
Depends on (a) extent  of perpetually cloud-covered areas; (b) need f o r  
r epe t i t ive  (e.g., seasonal) coverage; and (c) economics of radar coverage 
from high-flying, eynthetic aperture radar-equipped a i r c r a f t .  
12. FRONT-END CAPITAL 
S a t e l l i t e  cost estimated a t  $500 M 
1. General Object ive:  
2. Product t o  Earth: 
3. Key Object ives: 
Manufacturing o f  lsoenzyme D i a g n o s ~ l c  K i t s  
f o r  e a r l y / e f f e c t i v e  diagnosis o f  disease. 
Extremely h i gh  e f f i c i e n c y  d iag f ios t i c  k i t s  
f o r  medical doctors t o  diagnose pa t ien ts .  
Should be much more e f f e c t i v e  i n  e a r l y  
detect1 on/warn ing of contagious o r  cata- 
s t r o p h i c  diseases. 
To prov ide more e f f i c t l v e  ways o f  combating 
vectors  o f  d i  sease/save 1 ives, 
4. P r i n c i p a l  Contr ibut ion:  Unique bio-chemistry enabl ing medical 
science t o  improve i t s  e f f i c i e n c y  i n  
diagnosing/cur ing pa t ien ts .  
5. Level o f  Contr ibut ion: Each doctor  i n  the f i e l d  o r  i n  c i t y  
hosp i t a l s  w i l l  have access t o  these 
inexpensive k i t s .  
6. Uniqueness o f  Contr ibut ion:  No way t o  produce such . product on ear th .  
I t s  a m p l i f i c a t l o n  o f  e f fec t i veness  must be 
determined emp i r i ca l l y .  
7. Time Factor: Ear ly  1980's. 
8. P r i nc i pa l  I n s t a l  l a t ion :  Near-Earth-Orbit Manufacturing F a c i l i t y :  
(1) f r ee  f l y e r ,  (2) space s ta t i on ,  o r  
(3) space 1 ab. 
9. Pr inc ipa l  Funct ional  Uni ts :  lsoenzyme (anti-body-type) vaccine t o  be 
i n j ec ted  i n  pa t i en t .  
10. P r i nc i pa l  Technologies: Separation of p ro te ins  (enzymes) v i a  
e lect rophores is .  
1 1. Impact Spectrum: 
12. Front-End Capi t a l :  
To be determined. 
To be determined ( w i l l  be combined w i t h  
many o ther  i tems) 
- - 
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23. UROKINASE 
1. GENERAL CLASSIFICATION: 
Space manufacturing of smal l ,  highualue/low-mass products. 
2 .  GENERAL OBJECTIVE: 
Manufacturing of large quanti t ies  ( 1 0  kg/yr) of the  organic ca ta lys t  
enzyme-'urokinase' , for medical and pharmaceutical industr ies .  
3 .  PRACTICAL APPLICATION: 
Save l ives .  Dissolves blood clots after  they have formed. 
4 .  SUBSTANTIATION OF IMPORTANT NEEDS: 
. Key Objective: To cure victims of s t rokes ,  hardening of the  
arter ias  . . . by producing a product tha t  wi l l  
disolve blood c lo ts  a f t e r  they have formed. 
. Principal Contribution: Will provide medicine with a unique product 
t o  combat 'blood A o t '  related d i s e a s e s .  
. Level of Contribution: Droduction of large amounts of 'urckinase '  will  
benefit victims of heart a t t acks ,  s t rokes ,  
phlebitis . . .7 to 100 times more of the product 
wi l l  be possible in  orbit.  
. Time Factor: 1983 - 1982. 
. Principal Installation: N.  E. 0. manufacturing facijity . (1) Free Flyer, 
(2) Space Station, or (3) Spacelab. 
. Principal Functional Units: Electrophoretic separators .  
. Principal Technology: Electrophoresis separation of cells. 
5.  IMPACT SPECTRUM: 
. Technology: Existing/improvcment i n  instrumentation needed. 
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Pharmaceutical industry will benefit financially. , Economy: 
Perhaps one percent of U. S . population will 
benefit. The economic effects of a healthy 
work force is difficult to  quantize, but could 
not help but improve t l ~ e  conomic condition 
of the country. 
. Social: 
. Political: 
Product t o  earth will save more l ives ,  create a 
healthier society. 
A large (surplus) supply of this product would . 
certainly be i n  demand worldwide Would help 
U. S . balance-of-trade (payments). 
. Scientific: Medical breakthrough. 
6. FRONT-END CAPITAL: 
. STS Cost: $25 $1000/# ? 
. DDT&E Costs: TBD 
. ROI: TBD 
24. mUIJN 
General Objective: Supply insul  i n  treatment t o  one m i  1 1 ion  persons per 
year a t  lower cost  t o  avoid thel'insul i n  c r i s i s I 1  i n  which demand i s  p r  ,jetted ;: 
k 
t o  exceed supply. 
? 
Product t o  Earth: Cured insul  i n  o f  human o r  non-human source andlor 
t i ssue cu l tu re  o f  i n s u l i n  producing c e l l .  
Key Objectives: - Make ava i lab le  a cheaper and safer  source of  i n s u l i n  
i 
t o  overcome the l i m i t a t i o n  on i n s u l i n  sources. 
Pr inc ipa l  Contributions: Lcw cost human insu l  i n  produced from cul tures o f  
pancreatic ce l i s .  
Level of Contribution: Over 30,000 people d i e  o f  diabetes each year, and 
over one m i l l i o n  requi re d a i l y  doseages. This r a t e  i s  increasing and 
appears t o  be unchecked. I 1 
Uniqueness o f  Contr ibut ion: Te r res t r i a l  production i~ l i m i t e d  i n  supply i 
e f f i c i ency  and no human i nsul i n  I s  avai lab!e except f o r  research appl l cations. 
Zero-g environment seems t o  hold promise f o r  overcoming these l im i ta t i uns .  
I nsu l i n  synthesis i s  an a l t e r n a t i v e  and not  p rac t icab le  f o r  production. 
Time Factor: Since i n s u l i n  has FDA approval, near-term a v a i l a b i l i t y  
depends mainly on the resu l t s  of  proving o f  the process. Human i n s u l i n  
production by 1985 may be achieveable. 
Pr inc ipa l  Ins ta l la t ions :  Law ear th  o r b i t  manufacturing f a c i l i t y :  (1) f ree  
f l yer ,  (2) Space Station, o r  (3) Spacelab. 
Pr inc ipa l  Functional Units: Electrophoretlc-separators. 
ORIGINAL PAGE b 
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Technolociv: Recrys t a l  l i r a t  ion and gel f i l t r a t  ion the present method 
of insulat ion pur i f ica t ion.  The use o f  electrophoresis i n  space may 
improve the eff iciency a f  the process. Production from pancreatic c e l l  
cultures I n  space may provide the more desired source o f  humaq insul in. 
. . 
Wtpr leading twards product ion o f  h s u l  i n  by genetic 
- . . - . 
modif icat ion o f  E-Coli. 
11. j Impact Spectrum: Development o f  en t i  r e l y  new process f o r  productlon o f  I 
insul in. Save thousands o f  1 lves by expanding supply t o  sa t i s fy  the 
foreseen demand. 
I . 
12. Front-End Capital: Space f a c i l i t y  estimated a t  $100 M. (Assums legacy 
from on-going and precursor programs). 
25,. SUPER LARGE SCALE I N T E G M T C D  C I R C U I T S  
1. GENERAL CLASS l Fl  CAT1 ON 
Space manufacturlng o f  small products 
2. GENERAL OBJECTIVE 
Manufacture o f  defect fre,e substrcAte wafers f o r  LSlC chips and 
computer storage appl i c a t  lons. 
3. PRODUCT TO EARTH 
Large scale integrated c i  rcu l  t chips (LSI C) . Bubble memory devices. 
4. KEY OBJECTIVES 
To provide the micro-electronic industry w i t h  u l t r a  high-resolut ion 
photolithography f o r  impr int ing c i r c u i t s  w i t h  l i n e  spacings measuring i n  
the m i l l i o n t h s  o f  an Inch. Selsmic motions o f  the ear th  inh.,rt such small 
separations o f  c i r c u i t  l ines.  
5. PR l  NC l PAL CONTR l BUT l ON 
Use the v ib ra t ion- f ree  environment o f  space t o  perform such operations. 
W i l l  benef i t  the micro-electronic industry. 
6. LEVEL OF CONTRl BUT l ON 
Annwl market assessmen1 o f  the communications products such as ATC 
radar, c o l l i s i o n  avoidance systems f o r  a i r c r a f t  alone are estimated a t  
100 R / Y ~ .  
7. LIN I QUENESS OF CONTR l BUT l ON 
Benef i t  comnunicatton needs (mi 1 i ta ry  and c i v i  1 ian) Improves y i e l d  
factor.  Produce LSlC w i th  X/4 -+ X/2 spaclng fo r  h igh frequency appl lcat ions.  
Only way t o  I so la te  process from t e r r e s t r i a l  and eusmic and acoust lc 
coupling vibrat ions. 
8. TIHE FACTOR 
1985 t o  1990 
9. PRINCIPAL lNSTALCATlW 
NEO nwnufacturIng fact l I ty. 
10. PRl NC l PAL FUNCTIONAL U)( ITS (TBD) 
1 1. PR l NC l PAL TECHNOLOG l ES 
a Cryatal growth from r melt 
8 LS l C  photo1 l thography t e c h  Iques 
12. INPACT SPECTRUM (TBD) 
1 FRONT-END CKITAL (TBD) 
ORIOIbSAL PAGE Jk 
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26. SILICON WAFERS FOR DC 
1. GENERAL CLASSIFICATION 
Space manufacturing o f  h igh value/low mass products 
2. GENERAL OBJECT I VE 
Manufacturing o f  f lawless s l l  icon wafers f o r  large r d l e  e l e c t r i c a l  
power r e c t i f i c a t i o n  
3. PRODUCT TO EARTH 
S i l i c o n  cont ro l  r e c t i f i e r s  f o r  pub l i c  u t i l i t i e s  companies 
4. KEY OBJECTIVES 
To provide: power equipment buildelSs w i t h  large (IS cm diameter) 
and d is loca t ion- f ree  s i l i c o n  semiconductor components f o r  cont ro l  r e c t i f i e r  
devices used i n  ac/dc/ac powar converter f a c i l i t y  s ta t ions  
5. PRINCIPAL CONTRIBUTIONS 
For t h i s  s p e c i f i c  app l ica t ion  o f  s ing le  c r y s t a l  s i  l lcon, there i s  an 
urgent need f o r  f lawless, large diameter (-15 cm) wafers f o r  use i n  ac/dc/ac 
power conversion system, i.e. conversion r e c t i f i e r s .  
6. LEVELOFCONTRIBUTION 
W i l l  provide the power industry  w i t h  semiconductor r e c t i f i e r  s i l i c o n  
wafers (10-15 cm) tha t  can handle up t o  700 amperes and reduce the amount of  
smal l e t  s ize  !scR's) . . . to  handle up t o  360 megawatts of  power. 
7. UN I QUENESS OF CONTRl BUT1 ON 
The f l o a t  zons r e f i n i n g  method i s  capable o f  producing h igh grade 
wafers (- 4 - 5 cm) diameter SCR's. .. f o r  e l e c t r t c a l  power appl lcat ions.  
However, the primary impediments are  large diameter wafers. Space manufacturing 
can prov iJc t h i s  unique semiconductor mater ial .  
8. T IHE FACTQR 
* 1985 
9 .  PRl NC l PAL I HSTALLAT I ON 
NEO manufacturing fac i  1 i t y ,  i .e., f r e e  f l y e r ,  space stat ion,  
space 1 ab. 
10. l HPACT SPECTRUM !f BD) 
11. PRl NC l PAL TECHNOLOGY 
o Crystal growth from a melt/zone r e f i n i n g  
12. FRONT-END CAP I TAL (TBD) 
27. NEW OPTICAL GLASS 
1. GENERAL CLASSIFICATION 
Space manufacturing o f  small products 
2. GENERAL OBJECTIVE 
Manufacturing o f  o p t i c a l  glasses f o r  r e f r a c t  
3. PRODUCT TO EARTH 
ive opt  i cs  and 
New glasses w i th  super ior  charac ter is t i cs :  I R  transparency, 
pure, thermal shock res i s tan t  glass. 
4 ,  KEY OBJECTI\~ES 
laser  windows. 
h igh  strength, 
To obta in containerless me1 t t o  minimize: convection and contamination 
and sources o f  nucleat ion t o  prevent d e v i t r i f i c a t i o n .  
5. P R l  NCIPAL CONTRI BUT1 ON 
High index/ABBE number glasses. 5-10 D I R  transparency improvement 
fo r  1 ase r s  . 
6. LEVEL OF CONTRl BUTlON 
Optical  instruments and lens market est imation 10 i?/yr. 
7. UNIQUENESS OF CONTRl BUTlON 
No way t o  dc containerless melts i n  t e r r e s t r i a l  industr ies;  therefore, 
space only  way t o  go. 
8. TIME FACTOR 
- 1985 - 1990 
9. P R l  NCl PAL INSTALLATION 
NEO manufacturing f a c i l i t y .  
10. PRINCIPAL FUNCTIONAL UNITS 
Furnace melt f a c i l i t y  
11. PRINCIPAL TECHNOLOGY 
Existing glass manufacturing 
12. IMPACT SPECTRUM (TBD) 
13. FRONT-END CAP l TAL (TBD) 
28. FIBER OPTICS 
GENERAL CLASS l F l CAT l ON 
Manufacture of  small products i n  space 
GENERAL OBJECT1 VE 
To produce h igh transmission f iber-opt lcs i n  space. 
PRODUCT TO EARTH 
Fiber op t ics  f o r  appl icat ions i n  opt ics, e.g. communic~tion by wideband 
l i ght  beams. 
4. KEY OBJECTIVE 
To obtain containzr less melt  t o  minimize convection and contamination 
and sources o f  nucleat ion t o  prevent d e v i t r i f i c a t i o n .  
5. PRINCIPAL CONTRIBUTION 
Very h igh transmission f i b e r  op t ics  w i t h  a minimum o f  losses. 
6. LEVEL OF CONTRl BUTION 
Medical, communication industry  w i  ll benefi t .  
7. UN l QUENESS OF CONTRl BUTION 
No way t o  do containerless mel t ing i n  1-G t e r r e s t r i a l  environment - 
space unique i n  tha t  i n d u s t r i a l  sense. 
TIME t-ACTOR 
- 1975 - 1990  
PRINCIPAL INSTALLATION 
NEO manufacturing fac i  l i ty .  
PRl  NC l PAL FUNCTIONAL UN l TS 
Furnacemelt f a c i l i t y  f i b e r  drawlng apparatus. 
PR l  NC l PAL TECHNOLOGY 
Existing. 
l MPACT SPECTRUM (TBD) 
FRONT-END CAP l TAL (TBD) 
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29. HIGH-TEMPERATURE TURBINE jaLADES 
1. GENERAL CLASSIFICATION 
Space manufacturing o f  small products 
2. GENERAL OBJECT l VE 
Hanufacture of high temperature/hi gh strength metal tu rb ine  blades 
f o r  tu rbo je t  and power conversion- type engines. 
3. PRODUCT TO EARTH 
Long l i f e /h igh  temperature turb ine blades f o r  fue 
engines . 
4. KEY OBDECTiVE 
1 burning tu rbo je t  
To grow s ing le  c rys ta l  and eutec t ic  turb ine buckets wi thout  anomalies 
for  less than 1650°C turb ine i n l e t  temperature and minimized gra in boundaries 
fo r  increased blade 1 i fe. 
5. PRINCIPAL CONTRIBUTION 
Some replacement costs o f  .. 4.5 r/yr. Reduce fue l  consumptian; reduce 
a i r  po l lu t ion .  Some material  development costs. Reduce fa re  o f  a i r  t ransportat ion. 
Improve pub l ic  sdfety. 
6 LEVEL OF CONTRIBUTION 
Publ ic safety, nat ional  defense, pub l ic  transportat ion, balance o f  
payments . . . . a 1 1 have some impact . 
7. UN l QUENESS OF CONTR l BUT l ON 
Space processing metal l u r i g i c a l  methods o f fe r  new metals w i th  unique 1 
temperature and strength propert ies. By increasing the temperature threshold o f  
present turbine blade eng 
would increase, thus, sav ing energy and reducing maintenance o f  tbe engine. 
ines,the e f f i c i ency  and l i f e t i m e  of the engine 
8. TIME FACTOR 
- Late 1980's 
9. PRINCIPAL INSTALLATION 
NEO Manufacturing fac i  1 i t y .  
10. PRl NC l PAL TECHNOLOGY 
Variation o f  earth metal lurgical process adapted to  spooe. 
1 1 .  l HPACT SPEC1 RUM (TBD) 
12. FRONT -END CAP l TAL (TBD) 
30. HIGH- STRENGTH P E P W E N T  MAGNETS 
1 . GENERAL CLASS l F l CAT l ON 
tianufacturing o f  small space products. 
2. GENERAL OBJECTIVE 
The manufacturing o f  special  t e r r e s t r i a l l y  i m i s s i b l e  metals f o r  
appl icat ion t o  very high strength permanent magnets. 
3. PRODUCT TO EARTH 
New/unique a l loys,  e.g. AgMgAl o r  combinations o f  Fe, A l ,  N i ,  Co, and 
Cu... tha t  when magnitized have high/long l a s t i n g  propert ies. 
4. KEY OBJECTIVES 
To produce t e r r e s t r i a l  im iss ib le  a l l oys  v i a  s o l i d i f i c a t i o n  (metallurgy) 
methods i n  space. 
5. P R l  NC l PAL CONTRI BUT1 ON 
Instrumentation industry, e.g., motors (long l i f e )  medical science, h igh 
strength has favorable a f fec t  on heal ing wounds. 
6. ' LEVEL OF CONTRl BUT1 ON 
Electronic/medical industry 
7. UNIQUENESS OF CONTRIBUTION 
lmlss ib le a l loys would be uniqce t o  earth. 
8. TIME FACTOR 
5 1985 - 1990 
9. PRINCIPAL INSTALLATION 
NEO manufacturing fac i  1 i t y  
10. PRINCIPAL FUNCTIONAL UNITS 
Me1 t furnace. 
1 1. P R l  NC l PAL TECHNOLOGY 
Ex is t ing  use i n  space. 
12. IMPACT SPECTRUM (TBD) 
13. FRONT-END CAPITAL (TBD) 
ORIGINAL PAGE 
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31. THIN-FIU ELECTRONIC DEVICES* 
AND 
CONTINUOUS RIBBON CRYSTAL GROWTH* 
* See Space Station System Analysis Study (MDC G 6508), Part 1, Final 
Report, Volume 3, Appendices, Book 1, Objective Data, McDannel Douglas 
Cotporation, pages 5-30 through 5-35 (September 1, 1976) 
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34. OIL SPILL DETECTION 
GENERAL OBJECT1 VE 
011 s p i l l  detection. Ocean and f resh water p o l l u t i o n  from tanker m d  
d r i  11  ing platform catastrophes are eas i l y  detectable by e x i s t i n g  means. O i  1 
s p i l l s  caused by vessels c lear ing the b i l g e  and s i m i l a r  overboard dumping i s  
v i r t u a l l y  unnoticed, i s  common pract ice,  and i n  the aggregate, i s  much greater  
than the major events. What i s  needed i s  a system t o  detect and i d e n t i f y  
these minor events so tha t  cor rec t ive  act ions may be i n s t i t u t e d  and charged 
t o  the offenders. 
PRODUCT TO EARTH 
Timely i d e n t i f i c a t i o n  o f  loca t ion  and magnitude o f  covert o r  accidental  
contaminat ion o f  navigable waters by o i  1, fue l ,  o r  other  petroleum products. 
Causing the offender t o  pa9 the costs of cleanup, o r  i n s t i t u t i n g  precedures 
and mechanisms t o  prevent s p i l l s  would achieve mu l t i p le  benef i ts  t o  people, 
she1 lfi sh, water fowls, and commercial agencies tha t  share the water resources. 
KEY OBJECT I VE 
0: 1, ceing 1 igh ter  than water, f l oa ts ;  recent invest igat ions have shown 
tha t  o i l  h2s a d i s t i c t i v e  spectral  signature, shming a peak ref lectance a t  
about 4500 8 ,  eas i l y  d is t inguished f r o n  the surrounding watcr. A s ing le  photo- 
meter, at  lw  a l t i t ude ,  detect ing rad ia t i on  i n  the band, would mark the time 
t h i s  occurred, repor t ing t o  a ground contro l  center (~a i rbanks )  every o rb i  t 
(polar).  A nunber o f  small, short  l i f t t i m e  s a t e l l i t e s ,  shu t t l e  in jected,  
would be an inexpensive solut ion.  
P R l  NC l PAL CONTRl BUT1 ON 
Observation o f  extens ive ocean and in land waters by s c t e l l  i t e  i s  much 
more cos t -e f fec t ive  than a i r c r a f t  o r  surface c r a f t  monitoring. The s i n g l e  
ground s t a t i o n  would receive reports not more than 90 minutes a f te r  occurrence, 
no t i f y i ng  the local au thor i t ies  t o  take act ion. 
LEVEL OF CONTRI BUT1 ON 
-
Near rea l  time n o t i f i c a t i o n  of offenses t o  local  harbor, lake, r i v e r  and 
coastal water au thor i t ies ,  apprehending and charging o f  fenders f o r  cleanup 
costs. Benefit t o  a l l  people who use these waters, as we l l  as a l l  marine l i f e ,  
etc.  Extension t o  high seas and other  countr ies i s  inherent: t h i s  i s  a ser- 
v ice  tha t  may be so ld  o r  traded f o r  other  considerations. 
UNIQUENESS OF CONTRl BUTION 
No other  affordable monitor system can detect  t+e minor offenders and 
po l i ce  these waters. 
TIME FACTOR 
Design and construct ion o f  O i l  S p i l l  mon i t o r  s a t e l l i t e s  ( i n i t i a l  system 
capab!lI ty .  of 10 t o  12) t o  be accomplished by Shut t le  po 
P3INCIPAL INSTALLATION 
l a r  o rb i  t operat ional 
Space only:  small, battery-powered cold-gas stab i 
0 
containing a s ing le  photometer res t r i c tecd  t o  45 A wave 
l i z e d  sate1 
band. Lim 
1 i fetime (one year) , low-a1 t i  tude (approximate 
ground contro l  s ta t i on  t o  t rack sate1 1 1 tes and 
Satel 1 i t e  Control Faci 1 i t y  f o r  DOD sate1 1 i tes) 
l y  100 m 
col l e c t  
1 i tcs  
i ted 
i l e ) .  Ground: s ing le  
reports (simi l a r  t o  
PRl NC l PAL FUNCTl ONTAL UN l TS 
Approximately ten sa te l  1 i tes in, jected by one Shu t t l e  f l  i gh t .  
Ninety-minute, h igh i n c l  i n a t  i on  o r b i t ;  may be recovered and re furb ished,  
recharge b a t t e r i e s  and gas system, by l a t e r  Shu t t l e  f l i g h t s  (about once per  
 ear). 
PRINCIPAL TECHNOLOGIES 
A1 l needed technology e x i s t s  . 
l MPACT SPECTRUM 
Technology: Design and bu i  l d  
Economy: Save m i l l i o n s  o f  d o l l a r s  by reducing o i l s p l l l  damage. Few 
new jobs created, bu t  ex is^ ing enforcement p rac t  i ces g r e a t l y  improved (pro- 
d u c t i v i  t y )  ; expor tab le  se rv tce  t o  o the r  nat ions.  Envi ronmental : reduce one 
s i g n i f i c a n t  cause o f  water p o l l u t i o n .  
Soc ia l :  Improve the s e r v i v a b i l i t y  o f  water l i f e - f o rms ;  p o s i t i v e  r eac t i on  by 
environment p r o t e c t i o n i s t s .  
P o l i t i c a l :  No add i t i ona l  na t i ona l  impacts; i n t e r n a t i o n a l l y ,   he serv ice  can 
be exported f o r  goodwi 1 1 ,  money o r  cons i de ra t  ion. 
CAPITAL TO I O C :  
Space elements: about $50 M t o  design and b u i l d  10 t o  12 s a t e l l i t e s .  
Ground element: About $25 M t o  i n s t a l  1 and $5  M per  year t o  operate. 
ORIGINAL PAGE Ib 
OF POOR QU- 
35. ICEBERG TRACKING 
1. General Objective 
Icebergs cons t i t u t e  a s i g n i f i c a n t  t h r e a t  t o  shipping i n  the  North Atlaut ic .  
T h e  U .  S. Coas: Guard's Internat ional  Ice P;tb ,1 has the responslbi 1 i t y  f o r  
detect ing and tracking icebergs,  and not i fying shipping. The iceherys a r e  
current!y lucated by Coast Guard personne: f ly ing  C130's equipped w i t h  Side 
Locking A l  rborne Radar (SLAR).  A C130 can cover approximately 15,000 square 
m i  l e s  on each 8 hour mlssion. Approximately 150,000 square m i  l e s  of ocean need 
t o  be searched. T h i s  operat ion could be accompl ished on a continuing rea l -  
time bas i s  by a microwave tad 
2. Product t o  Earth 
lometer-equipped s a t e l l i t e  i n  a geosynchronous.orb 
Iceberg locat ion da t a  on approximately 1600 icebergs over 150,000 square 
miles - provided t o  the Coast Guard's iceberg p l o t t i n g  and t racking computer. 
3. Key Objectives 
Search planes a re  of ten gromded by storms. I t  is  during storms t h a t  the 
iceberg move subs tan t ia l  d i s tances ,  produce calves ,  and a r e  a r c  most d i f f i c u l t  
f o r  ships  t o  loca te  by radar. The spacecraf t  would monitor t h e i r  loca t ions  
continuously s o  as  t o  enable t h e i r  tracking. 
L. Pr inc ipa l  Contributions 
Iceberg t racking by s a t e l l i t e  would e l imina te  theneed f o r  f l y ing  p a t r o l s  
under hazardous conditions.  While the computer w i l l  p r ed i c t  where the  iceberg 
I t .  
is expected t o  be, the p a t r o l  planes need to  ver i fy  t h a t  i t  indeed is there .  
Page -2- 
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4. f r i n c i p a l  Contr ibut ions (cou tinued) 
' f 
I f  i t  i s n ' t ,  s ea rch  p a t r o l s  need t o  be flown t o  r e l o c a t e  t he  iceberg.  With 
I 
i 
continuous monitoring ( o r  updates every 3 hours) i cebergs  would n o t  be l o s t  t o  1. 
present  a hazard t o  shipping. 
i 
5. Level of Contr ibut ions 1. 
- j. 
One sh ip  saved ir. 10 years  t h a t  would otherwise bc l o s t  could pay ! ' 
! f o r  the  system. The c o s t  of t h e  i cebe rg  p a t r o l  is borne by 19 maritime n a t i o n s  I: 
i n  proport ion t o  the  tonnaze shipped through a r ea s  th rea tened  by icebergs .  The i I 
1 
c o s t  of t he  s u r v e i l l a n c e  func t ion  of the  I n t e r n a t i o n a l  Iceberg  P a t r o l  is est imatedl  
1. 
t o  b e  $2.OH per  year ,  o r  $20M over  10 years .  While t h e  c o s t  of t he  s a t e l l i t e  
I. 
system would be  g r e a t e r  than t h i s ,  the s e r v i c e  provided would be  v a s t l y  superv ior , !  
i ,  I 
! 
and l e s s  hazardous. 
6.  Uniqueness of Contr ibut ion 
Continuous and accurate  coverage, p a r t i c u l a r l y  during storms, could not be 
4 
read i ly  provided by any o ther  means. 
7. Time Factor  
Near Terms 1983 - 1990 
8. P r i n c i p a l  I n s t a l l a t i o n  
Che s a t e l l i t e  i n  geosynchronous o r b i t  could provide cont inuow coverage 
of t he  e n t i r e  North A t l a n t i c  region. The loca t ion  d a t a  would be t r ansmi t t ed  
from t h e  s a t e l l i t e  t o  the  computer i n s t a l l a t i o n  on Governors I s land .  
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9. Pr inc ipal  Functional Units 
Conste l la t ion Size: 1 
Orbi t : Geosynchronous 
Spacecraft 
Weight: 30,000 l b  
Power : 500 watts 
Size: 14 f t  d ia  x 10 f t  len 
800 f t  d ia  antenna (cloud- 
pene t r a t  i ng frequency) 
10. Pr inc ipa l  Technologies (A1 ~ o v e ? )  
Microwave radiometer reso lu t ion  technology--space construct ton technology 
11.  Impact Spectrum 
a. Technical System rcqui rcs modest advance r e r  current SOTA. 
Technology could be used f o r  other  appl i c a t  ions 
such as geothermal mapping (Steve ~ e r r i  7 )
b. Economic: Reimbursement protocol  already ex is ts .  lncreased 
knowledge o f  ocean currents could a i d  i n  optimum 
route planning. 
c. Environmental: P o s s i b i l i t y  o f  o i l  p u l l u t i o n  of f i sh ing  grounds reduced 
d. Soci2l: E l  i n i n a t  ion o f  cur ren t ly  hazardous duty by Coast 
Guard. 
e. P o l i t i c a l :  Increased in te rnat iona l  good-wi l l .  
f. S c i e n t i f i c :  Increased know1 edge o f  ocean currents. 
12. Fron t-End Capi t a l  
Acquis i t ion Cost $400M 
Launch Cost 1 OOM 
Annual Operattog Cost (incremental) 0 
1. General Object ive 
In c e r t a i n  c o a s t a l  regions t h e  dens i ty  of shipping t r a f f i c  is very 
high and t h e  danger of c o l l i s i o n s  s u b s t a n t i a l .  150 sh ipe  pas s  every day 
through the  Malacca S t r a i t  which v a r i e s  i n  width from 10 t o  40 milss. Con- 
ven t iona l  radar  i s  too expensive and i n t e r f e r e n c e  prone. Two s a t e l l i t e s  
90' a p a r t  i n  geosynchronous o r b i t  could i l l umina te  p o t e n t i a l  c o l l i s i o n  
a r e a s  wi th  scanning microwave beems from space,  t o  enable s h i p s  t o  
ob ta in  range and angle d a t a  bn hazards.  
2. Product t o  Earth 
Microwave s i g n a l s  t o  enable  d e t e c t i o n  of hazards.  
3. Key Obiect ivcs  -~ 
A l l  ob j ec t s  g r e a t e r  than  100 square r e t c r s  w i th in  12 n.mi. range 
woult! be  de tec ted  wi th in  a 300 f o o t  accuracy. 
4. . P r i n c i p a l  Contr ibut ion 
Reduce c o l l i s i o n  hazards with assoc ia ted  l o s s  of l i f e ,  cargo,  and o i l  
po l lu t ion  of f i s h i n g  a reas .  
5. _Level of Contr ibut ion 
Elec t ronic  naviga t iona l  a i d s  a r e  being developed and i n s t a l l e d  i n  t h e  
Malacca S t r a i t s .  Experfence wi th  naviga t iona l  a i d s  i n  Ca lcu t t a  harbor  
r evea l s  t h a t  $7000 naviga t iona l  bouys a r e  ruined by th ieves  who a r e  a f t e r  
SO cen t s  worth of copper wire.  The space system would be independent of 
ground o r  sea-based nav iga t iona l  a id s .  Conceivably, one s h i p  c o l l i s i o n  
could be avoided every year  a t  an est imated saving of $ 5 0 ~  t o  $200M p e r  
year .  Over t h e  10 year  l i f e ,  t h i s  would amount t o  $SOOM t o  $20. 
6. Uniqueness of Cout r i l fu t ions  
The system would give p o s i t i v e ,  a l l  weather l o c a t i o n  of sh ipping  i n  
t h e  s t r a i t s .  
7. Time Fac tor  
Need i s  now (1980-85) bu t  system assembly technology and c a p a b i l i t y  
w i l l  n o t  be  a v a i l a b l e  according t o  c u r r e n t l y  scheduled a c t i v i t i e s  u n t i l  
1985-1995. 
8. P r i n c i p a l  I n s t a l l a t i o n s  
A s p e c i a l  r ada r  would be  l oca t ed  on board s h i p s  p ly ing  t h e  s t r a i t s .  
Two s a t e l l i t e s  would b e  loca ted  i n  geosynchronous o r b i t ,  90' a p a r t .  Each 
would c o n s i s t  of a phased a r r a y  sending a  100 kw pulsed s i g n a l  i n  t h e  
X-band. The a r e a  covered would b e  200 x 200 n.mi. 
9. P r i n c i p a l  Funct ional  Uni t s  
Ground: Spec ia l  r ada r  (3 f t  x 0.5 f t  antenna) on board s h i p s  
Space: 
Cons t e l l a t i on  s i z e :  2 (90' a ? a r t )  Spacecraf t  : (Each) 
Orbi t :  geosynchronous Weignt: 100,000 l b s  
Size:  1000 i t  x 1000 f t  
Power: 150 kw 
10. P r i n c i p a l  Technologies 
Fur ther  a n a l y s i s  of t h e  b a s i c  concept ,  and on-orbit  assembly and 
t r anspo r t  c a p a b i l i t y  of l a r g e  space o b j e c t s .  
11. . Impact , Spectrum 
a. Technical:  Experience gained would be  app l i cab l e  t o  assembly 
of l a r g e r  space s t r u c t u r e s  
b. Economic: Need to devise plan for financial rainbrusement, 
4 -  
Need f urthc analysis of cost-benef its. Preserve ! 
fishing economy along straits. 
c. Environmental: Substantial impact in reducing threatened 
oil pollution of vital fishing grounds as 
result of tanker collisions. 
d. Social: Aid in the preservation of viable fishing-based life 
style along straits. 
a. Political: Mutual international cooperation for self-interest 
conducive to peace. 
f .  Scientific: Serendipitous discoveries likely. 
12. Front End Capital 
Ground: $20,000 per ship 
Space : 
Acquisition Cost: S1.OB 
Transportation Cost: $300M 
Annual Operating Cost: -- 
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ICEBERG TOWING UNMANNED TUGS 
GENERAL OBJECTIVE 
To tow icebergs t o  warm a reas  that  need fresh water.  
PRODUCT TO EARTH 
Cost  effective supplies  cf fresh water using icebergs.  
KEY OBJECTIVES 
If the  tugs could be unmanned but remotely controlled from space ,  they 
could be considerably cheaper. Perhaps even wind power could be used along 
with nuclear o r  foss i  1 fuel power. 
The astronauts  aboard a space stat ion would ut i l ize powerful optical  
te lescopes  and other sensors  to  search out  large icebergs of the  proper shape  
and location (aspect ratio . 3 to 1 i n  northern Antarctic waters) .  Once the  proper 
candidate is located,  tugs which u s e  a combination of wind and foss i l  fuel  power 
would be at tached to  the  iceberg. Once a t tached,  the tugs would be unmanned 
and would tow it t o  the desired location. 
Powerful sensors and computers aboard the  manned space  stat ion wi l l  be 
used  to  s a i l  the  tugs .  R e m ~ ; e  t t leoperator  devices wil l  drive the  necessary 
mechanisms and optimize route and u s e  of engines vexsus s a i l s .  Since they 
move s o  slowly, severa l  s a i l b ~ a t s  can be operated simultaneously by a n  astronaut  
on a part-time bas i s .  
4 .  PRINCIPAL CONTRIBUTIONS 
To bring an  abundance of fresh water and some electr ical  power t o  warm 
c l  irnate sea-coast c i  t i es /a reas .  
of  the e a r t h  f e r t i l e  and product 
quanti t i e s  o f  water and power. 
One example would be t o  make desertous areas 
i v e  by supplying them w i t h  abundant 
One method for  supplying electr ici ty and fresh water  to  dry coas ta l  a reas  
would be to  tow large icebergs into the  area from Antarctic waters.  The tempera- 
ture differential between the  iceberg and the surrounding water provides the 
electricity; the  ice when i t  has  mslted provides the  fresh water. 
5 .  LEVEL OF CONTRIBUTION 
Could be a multi-billion dollar enterprize. 
6 .  UNIQUENESS OF CONTRIBUTION 
TBD (How effective cculd  a man i n  space  be  i n  optimizing the route, 
s a i l  Vs. power, e t c .  of severa l  icebergs in  tow at one time; how cheap could 
you build mammoth s a i l  tugs i f  they did not havc t o  be man-rated; and what a r e  
the  iceberg/tug interfaces --- i. e. , how do you grab the  thing 3) . Note: The 
attachment and ultimate destination installation is a manned operation; only the 
main trip is unmanned. 
7 ,  TIME FACTOR 
Mid- 1990's.  
8.  PRINCIPAL FUNCTIONAL UNITS 
Space System Characteris t ics  
. Weigh t=  k g  space  stat ion (shares many other duties)  
. Size = Small, space  s ta t ion ,  20-mm optical  telescope;  transponder 
tracking system for each tug 
. Power = 
. Orbit = Geosynchronous, or  polar inclination, latitudc location = 
. Constellation s i z e  One space  stat ion (30 sail-powered tugs with 
teleopera tion capabil i t ies)  
Ground Tugs - Basically a system of severa l  tugs with the iceberg a s  
a part of the system. It may be necessary t o  use  the  iceberg itself a s  ba l las t  
to counteract wind pressure on the s a i l .  This is the key area --- can the  sa i l /  
diesel-powered tug system be very economical to  build? 
9.  PRINCIPAL FU NCTIONAL ITNITS 
Space stat ion,  ocean tugs.  
. Towing interval - 6 months 
. 1 2  t o  15 icebergs in  tow a t  any given moment 
Space telescope resolution = 20 meters (clear  conditions) 
. Powerproduction= klNh per iceberg ( k W  continuous) 
. Water production = - l i ters/icebeig ( l i ters  per 
day) Chicago's  consumption !eve1 
10.  PRINCIPAL TECHNOXIGICAL AREAS 
Quality optical systerns (many other u s e s  poss ib le) ,  unmanned sail-powered 
tugs ,  remote teleoperation devices to capture and tow the iceberg ,  power genera- 
tion systems utilizing the inherent temperature differential. h t r e ine ly  cheap ,  
s imple,  reliable, wind-pow2red tugs would be key t o  the economics of the 
s ys tern. 
! : . IMPACT SPECIRUM 
Danger of col l is ions in sea lanes  with other sh ips .  Little environmental 
impact s ince  the iceberg water is a very small  part of the  ocean.  Virtually no 
pollution. Potential of creating new c i t i e s  with associa ted  local  f w d  production 
where location for energy efficiency or other reasons is optimum. 
1 2 .  FRONT-END CAPITAL 
TBD 
38. GLOBAL SEARCH AND RESCUE 
GENERAL OBJECTIVE 
To loca te  small, 1  ightweight emergency t ransmi t te rs .  
PRODUCT TO EARTH 
Locat lon o f  person o r  veh i c le  i n  d i s t r e s s  f o r  rescue 
KEY OBJECTIVES 
When an a i r c r a f t ,  ship, etc., i s  down o r  l os t ,  the search i s  cos t ly ,  
t ime consuming, and o f t e n  unsuccessful. This would show the l o c s t i o n  
qu ick ly ,  accurately, and cont inuously. 
4. PR I NC I PAL CONTR l BUT 1 ONS 
P r i n c i p a l l y  l i v e s  saved. Sometimes equipment saved also. 
5. LEVEL OF CONTRIBUTION 
Small, no t  a  major f a c t o r  nor  a la rge  number o f  l i v e s  involved. 
 o ow ever, very important t o  you if you a re  the one who i s  l os t . )  
6. . UNIQUENESS OF CONTRIBUTION 
This depends on the user. Large ships and a i r c r a f t  know loca t  ion  
cont inuously  (or w i l l  w i t h  GPS) and cou ld  send ou t  th is  information on 
ord inz ry  zmergency chanels. Srnzll vehic les usua l l y  have emergency 
t ransmi t te rs ,  but  may not  be able t o  accura te ly  communicate t h e i r  pos i t i on .  
7. TIME FACTOR 
Mid 1980's. O R ~ G ~ W  PAGE l5 OF POOR Q U M J ~  
8. PRl  NC l PAL l NSTALLATI ONS 
A system o f  h igh  a l t i t u d e  nav/cmn s a t e l l i t e s  t o  a l l w  the use o f  
small, inexpensive, l i gh twe igh t  emergency t ransmi t te rs .  The s a t e l l i t e s  
transpond the s igna ls  from the emergency t ransmi t te r  and the l oca t i on  i s  
computed by t ime d i f f e rence  o f  a r r i v a l  on the ground s i t e .  The emergency 
t ransmit ters can be very t i n y ,  weighing a pocnd o r  two and having a 
continuous 1 i f e  f o r  a t  leasc a month sel  f -conta ic,zd. Each t ransmi t te r  
would have stored a unique code out o f  a ca ta log  o f  100 o r  more codes 
stored i n  the ground c ross-cor re la t ion  receivers.  The transponders have 
100 frequency-multiplexed channels. 
Weight 2,000 l b  
Size 5 x 7 f t  
Raw Power 500 W 
O r b i t  Near-Synchronous o r  Medi urn A1 t i  tude 
Constel l a t i o n  Size 20 
L i fe /Serv ic ing Period 10/3 Years 
9. PRINCIPAL FUNCTIONAL UNITS 
Space satel 1 i tes, simi i a r  t o  a ~ o m & t  o r  GPS sate1 I i te, except w i t h  
l a rge r  antennas. The ground t ransmi t te rs  a re  smkll enough t o  be c a r r i e d  
by everyone ventur ing away from popular areas, such as h ikers ,  pleasure 
boars, o r  cars t r a v e l  ing between c i t i e s .  A much more modest system f o r  
use on ly  by o f f i c i a l  vehic les o r  a i r c r a f t  cou ld  use a s i n g l e  channel 
transponder and time-share a few c o r r e l a t o r  receivers.  
10. PRINCIPAL TECHNOLOGIES 
P r i m a r i l y  a quest ion o f  ecor.s?lics. How cheap and small can you make 
the ground un i t s?  
11. IMPACT SPECTRUM 
Not s i g n i f i c a n t  
12. FRONT-END CAPITAL (TBD) 
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39. BORDER SURVEILLANCE SYSTEM 
. GENERAL OBJECTIVE 
To detect over t  o r  covert  attempts a t  crossing a border, e i t h e r  a 
p o l i t i c a l  boundary o r  other border such as a large m i l i t a r y  i n s t a l l a t i o n ,  
western ranch, e tc .  
2. PRODUCT TO EARTH 
Number and locat ion o f  crossings. 
3. KEY OBJECTIVES (Note tha t  m i  l i t a r y  object ives are not  a p a r t  o f  
t h i s  study) 
The di f ferences i n  pol i t i c a l  systems, 1 i fes ty les ,  resources, etc., 
have made border v io la t ions ,  p a r t i c u l a r l y  between US and Mexico, a massive 
and cont inuing problem. These crossings have major economic imp1 ica t ions  
(jobs, etc.)  and a l so  moral problems (drugs, etc.). The ob jec t ive  o f  t h i s  
system would be t o  make an i l l e g a l  border crossing very d i f f i c u l t .  
4. PRINCIPAL CONTRIBUTIONS 
The major problem o f  unemployment i n  the US w i l l be reduced and the 
a l so  major problem o f  drug add ic t ion  (and corresponding crime) w i l l  a lso  
be reduced. 
5. LEVEL OF CCNTRl BUT ION 
I l l e g a l  border crossings from Mexico i n t o  the United States are 
curren,' , / . The Los Angeles Po l ice  Department 
estimates tha t  over a m i l l i o n  i l l e g a l  Mexican a l i ens  w i l l  be i n  Los Angeles 
by 1981; of course, t h e i r  ch i ld ren  w i l l  be c i t i zens .  Without contro l ,  t h i s  
w i  I 1  most l ike ly  increase as the economic despai r i  t y  between the ccuntr ies 
widens and as US treatment of  spanish m i r ~ o r i t y  groups improves. Our 
health, education, and welfare po l i c ies  ma!.e ent ry  i n t o  t h i s  country 
h e b & ~ b Q y  atfrlactive according t o  the Los Angeles Times* The estimated 
cost of the drug re lated crime i n  the United States i s  /year. A 
large f r a c t i o n  o f  these drugs come from Mexico. The Los Angeles Pol i ce  
Department studies indicate tha t  almost 20 percent o f  crimes i n  Los Angeles 
are comnitted by i l l e g a l  al iens. A space system could reduce the i l l e g a l  
personnel crossings by as much as 75 percent. 
6. UN l QUENESS OF CONTRI BUT l ON 
As USSR has demonstrated, t h i s  ob jec t ive  can be e f f e c t i v e l y  achieved 
without a space system. The space advantage, i f  any, would therefore be i n  
economies o r  soci a1 advantages. 
7. TIME FACTOR 
Needed ASAP. Reasonably ava i lab le  I O C  by 1990. 
8. PR l NC l PAL l NSTALLAT l ONS 
The main segment i s  on the ground w i t h  approximately a m i l l i o n  small 
sensors that  are read-out by a large antenna s a t e l l i t e  a t  GSO. 
9. PR' NC l PAL FUNCT l ONAL UN l TS 
The ground are small (0.5 ~ g )  seismic sensors spaced approximately 
30 feet apart t o  form an e lec t ron ic  benee. 1he space v n i t  has the fo l lowing 
basic character is t ics:  
a Weight 
a Size 5000 f t  x 10 f t  
I, Raw Power 12 kw 
a Orbi t  Synchronous Equator 
a Constel l a t i o n  Size 1 
- - - - -  
* 
January 30, 1977. 
10, PR l NC l PAL TECHNOLOG l ES 
Large structures i n  o r b i t  and extremely cheap, re1 iab le  sensors on the 
ground. The economies o f  the ground un i ts  probably needs a breakthrough 
i n  cost/performance. 
1 1. l HPACT SPECTRUH 
The i n f l ux  o f  i l l e g a l  a l iens i n t o  the United States from Mexico i s  a 
major and increasing cause o f  unemployment and social problems. Also, the 
hard drug problem i s  considered by some to  be one o f  the most devastating 
social/moral issues i n  the hi ted States since i t s  pr inc ipa l  victum i s  a 
young person, and i t s  normal e f f ec t  i s  t o  create a desparate criminal.  
12. FRONT-END CAPITAL 
Total system cost i s  i n  range of  hundreds af m i  1 l ions, including 
ground sensors. Operating costs should be law. 
D. INTERNATIONAL LAW AND SPACE INDUSTRIALIZATION 
APPENDIX D: 
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MEMORANDUM 
TO: Rockwell International, Space Division 
SUBJECT: International Law and Space Industrialization 
The present memorandum,* which is designed to explore the 
impact of international space law upon the future industriali- 
zation of outer space, is divided into four main segments. 
First, the concept of space industrialization is outlined. 
Second, existing international agreements affecting the utiliza- 
tion arid development of outer space are examined in terms of 
their respective influences on various types of space indus- 
trialization. Third, current negotiations relating to the 
formulation of international guidelines for the use of outer 
space for part;cular purposes, including direct television 
broadcasting, satellite remote sensing, and exploitation of 
lunar resources, are assessed both as a means of projecting 
possible international legal regimes in those particular 
areas, and for identifying trends which could affect other 
types of space utilization. Finally, recommendations for 
actions designed to facilitate space industrialization are dis- 
cussed. 
*The views and conclusions contained in this memorandum 
are those of the author and do not necessarily reflect or 
represent the views or policies, either expressed or implied, 
of any organization, agency, or group. 
PART I: TI1E CONCEPT OF SPACE INDUSTRIALIZATION 
For purposes of the present memorandum, the concept of 
space industrialization is used in a broad sense to 
encompass an extensive array of possible uses of outer space. 
c Five main categories of activities are encompassed. 
A. Communications Scrviccs -
The success of recent communications technology applications 
programs conducted by NASA' and the prospects for resumption of 
NASA communication satellite experimentation indicate that 
technical and economic feasibility for a large number of innova- 
tive communications services is likely to be achieved in the near 
future. Among the communications activities which are projected 
for near- or ~ n i d t l l c -  term s;ttell ite imp1cmerrt:ltion a r e :  
1. tcleconfcrcrlc irig; 
2. direct tclcvision broadcasting; 
3. electronic mail; 
4. electronic funds transfer; 
5. improvsd data communications; 
6. business and home communications systems incorporating 
computers and small-scale receiving terminals; 
7. improved mobile communications for personal and 
vehicular use; 
8. medical information services, including telediagnosis, 
patient monitoring and access to medical records; 
9. improved disaster warning services based cn enhanced 
remote sensing and meteorological applications; and 
10. search and rescue communications. 
Although not exhaustive, this listing indicates the scope of 
future possibilities for the utilization of outer space, and 
particularly the gcostationary orbit, for communications. 
B. Remote Sensing Services 
Public and private experimentation in the satellite remote 
sensing area centering around NASA's Landsat Program has 
demonstrated the feasibility of using satellites for the 
acquisition of data relating to the earth and its environment. 
The breadth of experimental activities has facilitated identi- 
fication of an extensive listing of potential applications 
and  service^.^ Set forth below is a listing of a number of 
the general categories into which these applications may be 
divided : 
1. 
2. 
Mineral resources monitoring; 
Ocean resources management, including living and 
non-iiving resources; 
Crop surveys, including insert and disease monitoring 
and yield projections ; 
Land use management; 
Population surveys ; 
Monitoring of pollution in the atmosphere, rivers and 
streams and occans; 
Weather and climate forecasting; and 
Non-meteorological disaster forecastinr. 
C .  Satellite Power _Systems 
The 1973 embargo on the export of petroleum products to 
certain oil-consuming countries imposed by members of the 
Organization of Petroleum Exporting Countries (OPEC) and 
subsequent events, including energy shortages, increasing 
energy costs and their economic, social a ~ d  foreign policy 
implications, havc promoted the search for cost-effective, 
alternative energy sources. One possibility is the establish- 
ment of generating facilities in orbit which would relay 
resultant energy to the earth's surface using a microwave or 
laser transmission system. Three main alternative methods of 
power generation are under considcration: solar energy, 
nuclear fission and nuclear Cusion. Relay of electrical 
power gencratcd either in spacc or on the earth's surface 
via satellite to secondary rcccivers constitutes another 
option for the industrialization of space. 
I). Spacc Flanufncturing 
A numbcr of experiments relating to physical and chemical 
properties of matter in outer space conducted during NASA's 
Skylab program indicate that certain unique characteristics 
of outer space, including weightless, vacuum and extreme 
temperature differentials, may pcrmit the manufacture of 
products which either could not be produced on the earth or 
would be of significantly inferior quality. A number of specific 
bcncfits have been identified, including: 
1. production of supcrior electronic products, especially 
semiconductor crystals; 
2 .  pure vaccines and othcr pharmaccntical products; 
3 .  improved lascr glass and optics manufacturing; 
4 .  production of alloys of metals which are otherwise 
inmisciblc in their rcspectivc liquid states; 
5, production of superconductors; 
6. i ~ s s ~ ~ , , I ~ l y  and maintenance of lprgc space structures, 
including space stations and vchiclcs. 4 
II. liccp Spacc Operar ions -
In contrast to the opcrstions dcscrihcd above which would 
I)e inost likcly to occur at altitudes abovc the carth bctwcen 
100 2nd 22,301) milcs, a nuxbcr of activit ics rclating to thc 
development of outcr space could be undertaken advantageously 
beyond that limit. Perhaps most important of these is the 
mining of minerals on the moon and other celestial bodies. 
PART I I : APPLICABLE IN'I'ERNATIONAL AGREEMENTS 
- 
International space law applicable to the space industriali- 
zation activities described in Part I is embodied in a series 
of treaties and conventions adopted primarily under the auspices 
of the United Nations. The fundamental Treaty on Principles 
Governing the Activities of States in the Expl-oration and Use 
of Outer Spacc, including the Moon and Other Celestial Bodies 1 
resulted from initiatives within the United Nations and after 
several years of negotiation was signed in 1967. In subse- 
quent years, other treaties were negotiated to elaborate the 
basic principles defined in the 1967 treaty. Perhaps most impor- 
tant from the perspective of space industrialization is the Con- 
vention on International Liability for Damage Caused by Space 
Objects, which entered into force for the United States in 1973. 2 
I. . TP-EATY ON PRINCIPLES GOVERNING TIE ACTIVITIES OF STATES 
IN THE EXPLORATION AND USE OF OUTER SPACE, INCLUDING -- TIIE 
MOON AND OTHER CELESTIAL BODIES 
The 1967 Outer Spacc Treaty provides the foundation for 
the legal framework for all activities beyond the upper limits 
of national airsphce jurisdiction. Consequently, its provisions 
are relevant to the consideration of all four major categories of 
space industrialization. Particular consideration should he 
given to the provisions governing: 
1. permissible uses of outer space (Articles I, IV and IX), 
2. non-approp-iation of outer space (Article 11); 
3. applicability of international law (Article 111); 
4. military uses of outer space (Article IV); 
5 .  responsibility of states for the acts of nationals in 
space (Article VI) ; 
6. international liability for damage caused in space 
(Article VII) ; 
7. the cxercise of national jurisdiction in outer space 
(Article VIII); and 
8. relations between states relating to their respective 
space activities (Article IX). 
Article I: 
--
Article I, which establislics the most basic principles 
governing activities in outer space, provides: 
The exploration and use of outer space, including 
the moon and other celestial bodies, shall be carried 
out for the benefit and in the interests of all coun- 
tries, irrespective of their degrec of economic or scien- 
tific development, and shall be the province of all man- 
kind. 
Outer space, including the moon and other celestial 
bodies, .hall bc free for exploration and lise by all 
States without discrimination of any kind, on a basis of 
equality and in accordance with internatic,nal law, and 
there shall be free access to all areas of' celestial 
bodies. 
Thcre shall be frccdom of scientific investigation 
in outer space, including the moon and other celestial 
b~dics, and States shall facilitate and encourage intcr- 
national co-operation in such investigation. 
1 .  A r t i c l e  I ( ] ) :  Thc - "Common I n t e r e s t s N  C l a , l s e  -
Paragraph 1 raises two main issues: first, whether this 
provision constitutes a binding contractual obligation or is 
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merely declaratory of general objcctivcs, and second, regarding 
the meaning of the ph~ase "for the benefit and in the interests 
of all countries." Related to the former is the question whether 
? the provision is self-executing. Scme authorities argue that 
t 
although the so-called "common interests" clause of Paragraph 1 
embodies one of the most fundamental principles upon which the 
outer space regime is foundcd, its breadth precludes direct 
application. Consequently, other, more limited cxpressions of 
international consensus ore required to give this provision 
enforceable form. Under that approach, pending agreement on 
specific operative principles elaborating the fundamental policy 
of Article I(1), any use of outer space would be permitted under 
Article I ( 2 ) ,  providcd i t  is pcaccful in naturc. I 
A contrary conclusion is reached by a number oC other 
authorities who take the position that the language of Article 1(1) 
is binding upon the signatories, as is any provision of an in- 
ternational treaty. Two main reasons arc advanced to support 
this proposition. First, during consideration of the text of 
the provision in the fifth session of the Legal Sub-Committee of 
the Committee on the Peaceful Uses of Outer Space (CPUOS), a 
Proposal to delete the phrase "for the benefit and in the interests 
of kil cour~trics" from Article I and place it in the preamble 
was rejected.2 Similarly, the draft of Article 1(1) was modificd 
when the words flirrespective of their degree of economic or 
scientific development" were moved on the basis of a consensus 
from init.ia1 position in the preamble to their present position 
following the "commm interests" clause, because the developing i 
: . countries advocated inclusion of the latter phrase as i,art of 
'I 
the binding treaty commitment.' Thus, it may be inferred that the 3 
drafters intended Article I(1) to be binding. Second, even if the 
provision is considered non-self-executing and the effectiver~ess 
of the limitation is thereby somewhat diminished, its binding 
character is not impaired and the legislative or executive acts 
necessary to implement the bin3ing provision are nonetheless 
mandatory for all parties to the treaty. 4 
The cor.tent of the phrase "for the benefit and in the 
interests of all countries" in Article 1(1) is also open to 
dispute. Some authorities take the position that the treaty's 
admonitiol, to use outer s p x e  for the benefit of all members 
of the international community constitutes no more than a duty 
upon each nember not to misuse outer space in a way which could 
5 dimihisn the value of space activities to other members. 
Others have taken the closely related position that the 
phrase means that the use of space objects should not be detri- 
mental to the interests of other countries, incl~ding national 
security, public order and sovereignty over natural resources 
6 
which are protected under international law. I 
The third pc,sible interpretation would impose on space 
powers the obligation either to permit other countries to use 
the former's space vehicles or to share t b >  financial benefits 
of its space activities. Arguments supporting this position have 
been raised in the discussions of the CPUOS Legal Sub-committee 
relating to direct broadcast and earth resocrces satellites. if To 
date, that approach has received little direct internaticnal 
support. Nonethr less, a similar approach relating to the 
exploitation of resources in another area located beyond the 
limits of national jurisdiction, the deep seabed, has received 
substantial su-)port during the present series of United Nations 
Conferences on the Law of the sea. Although a scheme for licens- 
ing exploitation of the orbit and distributing the proceeds 
equitably among the members of the international community has 
been proposed, current developments in space law and the law of 
the sea suggest that final agreement on such an zrrangement is 
not likely to occur in the near iuture. 
An anal) 5is both of relevant arguments and of trends in the 
interpretation of Article 1(1) as it applies to the utilization 
of outer space for industrial purposes indicates a number 
of conclusions. First, as an operative element of a treaty, 
Article 1(1) is binding upon all states which are parties to 
the treaty. Second, the content of the "common interests" 
clause is unclear and therefore requires further elaboration. 
As a result, the clause may be considered non-self-executing for 
purposes of space industrialization. Third, although the clause's 
content is disputed at a minimum, it in~poses a duty upon states 
to use outer space in such a way that neither the earth-bound 
interests of other states, including national securitv, or the 
potential interests of the latter in the exploration or use of 
outer space are jeopardized. Finally, although the upper 
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limit of the "common interestst1 reqdirement is unclear under exist- , 
$ 
ing space law, Article 1(1) does not require space powers to 
share either their space vehicles or the profits derived from 
space activities with non-space powers. 
The impact of Article 1(1) upon space industrialization 
depends on the precise nature of the activity contemplated. 
Communications satellites utilize segments of the electromagnetic 
spectrum and portions of the geostationary orbit. Although both 
are potentially subject to overcrowding, unilateral use of 
transmission frequencies or orbital slots would not violate 
Article I(l), since transmitter and space shuttle technology and 
the potential ability to remove inoperative satellites from orbit 
emphasizes the character cf both the spectrum and thc geostationary 
orbit as renewable resources-which are non-depletable in any 
permanent sense. Most applications would not jeopardize any of 
the essentially terrestrial interests protected by Article I(1). 
However, some nations have argued that the use of satellites for 
the transmission of television programs directly to home or 
community receivers could interfere with the internal political 
or economic stability of "receiving states. "lo ~lthough some 
concern may be justified despite good faith efforts by all 
participating parties, the question will be decided in the con- 
text of a separate declaration relating to direct broadcast 
satellites, rather than in the context of Article I(1). 
The impact of "common interests" clause on satellite 
remote sensing is likely to be somewhat similar to its effect on 
communications applications. Although some sensing satellites-- 
primarily those designed for earth resources applications-- 
operate in low earth orbit, others, including meteorological 
satellites, are likely to occupy geostationary orbital slots. 
As noted above, use of the geostationary orbit consistent with 
the applicable regulations of the International Telecommunication 
Union (ITU) is not imperlcd by Article I(1). Ilowcvcr, so~ne 
questions have arisen regarding interference with the national 
security and ecor~mic interests cf sensed states arising from 
potential abuses of earth resources applications of remote sensing 
technology. As a result, efforts to limit the use of earth 
resources satellites or to placc their use in the context of a 
somewhat restrictive organizational structure have been injtiated 
in the United Nations. l1 Although reference has been to Article 
I(1) in the debates, the result of these debates is likely to take 
the form of an international declaration of principles which 
does not refer directly to the content of that provision. 
If satellite power systems are implemented either experi- 
mentally or operationally, four main questions are likely to 
arise in the context of the "common interests" clruse. First, 
since such systems are likely to occupy segments of the geostationary 
orbit to facilitate either power production or trznsnission, and 
since the size of s x h  satellites will require significantly 
larger slots than are presently utilized by communications and 
meteorological satellites, the question of orbital slot alloca- 
tion will ulldoubtedly ?rise. However, Article I(1) does not 
present an obstacle. Second, as presently conceived, a satellite 
power system would not affect adversely a state's sovereignty over 
its natural resources, its political, social, cultural and economic 
self-determination or domestic order among its citizens. Conse- 
quently, those interests would not inhibit establishment and 
operation of a satellite power system. A third potential concern 
could arise among energy-prod~cing countries that the establish- 
ment of such systems by energy-consuming countries could under- 
mine the economies of the former. However, as suggested below 
in Section I.C., international law does not protect countries 
against either economic competition or economic pressure. 
Finally, the laser or microwave transmission mechanisms 
likely to be used by satellite power systems to convey power 
generated in orbit to relay stations on the earth's surface may 
be said to constitute potential weapons for use against the 
earth's surface. If the weapons potential were realizable, the 
system weapon would be contrary to the interests of non- 
allied countries protected by Articles 1(1) and IV. However, the 
assumption of the present memorandum is that satellite power 
systems will incorporate adequate safeguards to prevent their use 
as weapons and hence would not violate the interests of other 
states embodied in Article I(1). 
Operation of manufacturing facilities in outer space would 
not adversely affect any of the terrestrial interests of states 
with the possible exception of adverse economic influence result- 
ing from the relative scarcity of products manufactured in outer 
space and the accompanying high cost. As noted above, this fact 
is insufficient in itself to present any restriction on space 
operations. Since manufacturing facilities would not necessarily 
require placement in geostationary orbit, interference with the 
space-oriented interests of non-participating states in access 
I 
to particular areas of outer space is not likely to occur. 
However, since those facilities are likely to generate various 
forms of waste ranging from harmless gases to debris and nuclear 
by-products, potential interference with the space activities 
of other states, the provisions of Articles I ( 1 )  and IX probably 
require the operation entities to take reasonable steps to 
identify and avoid such potential interference. 
In addition to the interpretation of the "common interests" 
clause an assessment of the impact of Article 1(1) on the use of 
outer space for industrial purposes raises 3 set of issues 
centering around the argument that Article 1(1) requires states 
to use outer space "for exclusively pcaceful purposes. ( 1  12 
Even assuming for the purposes of this analysis that the Ar- 
ticle I(1) requirement that outer s,ace be used "for the benefit 
and in the interests of a11 countries" contains within it the 
requirement that outer space be used "exclusively for peaceful 
purposes, "I3 the United States' position on the question signi- 
ficantly diminishes the extent to which the latter requirement 
could inhibit the industrialization of outer space. However, 
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pressuro from other governments could lead to general acceptance 
of a more restrictive approach. 
The main point of contention is the meaning of the term 
"peaceful uses." Regardless of their respective positions on 
the question of content, authorities agree that the main inter- 
pretational alternatives are limited to two: "peaceful uses" 
can be defined either as "non-aggressive uses," leaving open the 
possibility of the use of outer space for defensive military 
purposes or as %on-military uses," excluding both aggressive 
and defensive activities. 14 
The possibility that Article I ( 1 )  implicitly incorporates 
the "peaceful use" requirement is based on the language of that 
provision and on the context in which the treaty was draftea. 
Applying the rcquirement that space activities be conducted 
"for the bcnefit and in the interests of all countries" to the 
question of military action in outer spaco, some authorities 
conclude that the space activities can be conducted in the in- 
terests of all countries only if they are "peaceful" in nature. 15 
In addition, it may be argued that since the term "peaceful" is 
ambiguous and suhject to conflicting interpretations, especially 
in the context of a general statement of desirable purposes of 
space initiatives, the drafters chose to substitutc the concept 
of usc "in the interests of all countries. "IG Finally, proponents 
of the "peaceful use" requirement maintain that since Article IV 
and other provisions of the treaty did not completely prohibit 
placement of weapons in outer space, the term "peaceful uses1' was 
omitted from Article I to avoid ambiguity. 17 
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The case for the opposite position is based on the formula- 
tion of Article IV, which in Paragraph 2 expressly limits activi- 
ties on the moon and other celestial bodies to exclusively 
peaceful purposes, but in Paragraph 1 omits any such limitation. 
Although some advocates of the "peaceful use" interpretation of 
Article 1(1) cxplain thc omission as the result of imprecise 
drafting,18 the omission must hc considered intentional since an 
attempt to apply the phrase "exclusively for peaceful purposes" 
to all areas of outer space was defeated. l9 Since the Article IV 
apprgach is expressly stated, and is supported by the "free use" 
principle of Article I(2), it cannot be altered by inferences 
based on less explicit language. 
Similar arguments apply to thc dispute regarding the dcfini- 
tion of "peaceful uses." In sup:)ort of the "non-military'' 
interpretation it is argued that military activity can never 
be "pcacclul" and even purely clcCcnsivc weapons cannot be in the 
interests of all states. 'O On that basis, it is argued that 
adoption of Article 1(1) e~nbodying thc cxprcssion of one of the 
most fundamental principles of space law operates to prohibit 
even defensive weapons in outer space. 21 
The opposite view is based on the contention that "non- 
aggressive" uses are permitted, first, by Articlc IV(1) which 
prohibits the stationing 01 wcapons of mass destruction in outer 
space but omits the express requirement of peaceful uses applied 
by Article IV(2) to the celestial bodies, and second, by Article 
I11 which requires states to conduct space activities in accor- 
dance with international law, including the United Nations 
15 7 
Charter. Neither prohibits deicnsive or non-aggressive military 
activity. Support for this approach is also found in the prac- 
tice of states. Both major space powers use outcr space for 
military communications and reconnaissance. Although these 
activities are "military" in nature, they arc "non-aggressive." 
Balancing of these arguments and the underlying policy 
considerations leads to the conclusions: 
1. that although Article l(1) requires states to conduct 
space activities "for the benefit and in the interests 
of all countries," it does not prohibit all military 
activity in outcr space; and 
2 .  that Articles I(1), 111 and IV combine to limit any 
military activity in outer space to "non-aggressivew 
conduct. 
Thes.e conclusions suggest that under present international space 
law, stationing nlilitary installations and weapons systems in 
orbit may be permissible if they are defensive in nature and 
do not ccntain nuclear weapons or other instruments of mass 
destnction. Hence, the operator of a satellite power system 
may be permitted to convey its produc2s to orbital a r  terrestrial 
military installations which are dcsigncd for defensive purposes. 
The nccd to distinguish dcfensivc from offensive purposes msy 
present 3 problcin for the system operating in this context. 
Finally, if used exclusively in conjunction with defense-oriented 
systems and installations, the system may be operated by military 
personnel. 
In general, activities relating to space industrialization 
are not in themselves either ggressive or defensive as those 
terms are used in a military context and hence would not violate 
the alleged requirement that outer space I)e used exclusivcly 
for peaceful purposes. However, in some cases, non-space powers 
may argue that direct telcvision broadcasting and satellite 
remote sensing constitute "aggressive" activities and should 
therefore be restricted. In thc absence of other facts, however, 
the current state of international law in this area would not 
support these contentions. 
Although not "aggressive" on tl~cir face, space industriali- 
zation activities may be dee~ncd aggressive because of the uses 
made of the resulting products. The generations of electrical 
power in orbit is illustrative for these purposes. 
Satellite generated power could be put to three arguably 
military uses: 
1. directly as a weapon used to attack terrestrial or 
space targets for aggressive or defensive purposes; 
2. to provide energy for the support of military installa- 
tions and weapon systems in orbit or on earth; or 
3. to rclieve civilian demand on terrestrial power 
generation facilities to ensure an adequate supply 
of energy to terrestrial military installations. 
The first use constitutes the main subject matter of Section 
1II.D. of Part I1 and is examined there in the context of Article 
IV of the Outer Space Treaty. The connection of the thi,rd possible 
use to military activities is too tenuous to support application 
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of the prohibition of any military use of outer space inferred 
by some authorities from the language of Article I(1). In 
addition, a parallel approach could be used to prohibit national 
exploitatian of the minerals of the deep seabed for civilian 
use, since that c~,uld increase the supply of minerals available 
to the nation as a whole and hence to its military organizations. 
That result is, however, directly contrary to the express pro- 
visions of the international lcgal regime of the high seas 
which both reserves use nf the deep seabed fcr exclusively 
peaccful purposes and authorizes ex?loitation of seabed minerals 
without reference to their possible use for military purposes. 22 
Thus, only the second possibility--that of direct use of 
satellite gcncrated power by military installations or weapons 
systems--poses a potential problem under the alleged requirement 
that outer space be used exclusively for peaceful purposes. If 
some or all of the powcr is uscd by an orbital weapons system 
which clearly is in violation, for example, of the Article IV(1) 
prohibition on the stationing of weapons of mass destruction in 
orbit or by a military installation located on a celestial body 
in violation of Article IV(2), the use of outer space for geneza- 
ting power would be unlawful to the extent that its power products 
a r ~  consumed by the prohibited system installation. The result 
is less clear when the power products are consulncd by a military 
installation or weapons system which is either legally in orbit 
or is located on the earth. If power generated by a satellite 
is utilized by a military installation or weapons system which 
is legally in orbit," the use of outer space for the power 
generation activity would be permissible under the "free use" 
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principle of Article I ( 2 ) .  The legality of the stationing of the 
installation or weapons system in question must be determined 
by reference, first, to the specific prohibitions of Article IV, 
and second, to the debate regarding the content of tl alleged 
"peaceful use" requirement. 
As set forth in greater detail in Scction 1.n. below, 
Article IV specifically prohibits a series of three activities 
in outer spacc: 
1. the stationing of nuclear weapons or other weapons of 
mass destruction in orbit around the earth or elsewhere 
in outcr space; 
2. the stationing of such weapons on the moon and other 
cclestial bodies; 
3. the use of the moon and other cclestial bodies for any 
except exclusively peaceful porposes; as a result, the 
establishment of military bascs, installations and 
fortifications, the testing of weapons of any kind and 
thc conduct of mllit~ry rnancuvers in those areas is 
forbidden. 
As suggested above, some authorities argue that the Article I(1) 
requirement that outcr spacc he used "for the bcnefit and in the 
intcrcsts of all countries" includcs a requircmcnt that spacc be 
used cxclusivcly for peaceful purposes. If that argument can 
be sustdined, the activities of statcs in outer space would be 
further limited. The extent of the limitation would depend on 
whether all military activities or only aggressive uztivities 
would be prohibited. 
2 .  Art. - l : v Z ( >  T (,7) : The " F r * c - r 2  Ilcc" Principle 
The second  p a r a g r a p h  o f  A r t i c l e  I c o n t a i n s  two main p r o -  
v i s i o n s  which L r c  l i k c l y  t o  i n f l u c n c c  t h e  i n d u s t r i c l l ~ a t i o n  o f  
s p a c e .  The most i m p o r t a n t ,  t h c  "Tree  u s e "  p r i n c i p l e ,  p r o t r i d c s  
t h a t  " o u t e r  s p a c e ,  i n c l u d i n g  t h c  moon and o t h c r  c e l e s t i a l  b o d i e s ,  
s h a l l  be frce  f o r  c x p l o r a t i o n  and u s c  by  a l l  S t a t e s  . . . . @I 
T h i s  " f r e e  use"  p r i - n c i p l c  p r o v i d e s  t h c  i n t e r n a t i o n a l  l e g a l  
b a s i s  f o r  a l l  a c t i v i t y  i n  o u t e r  s p a c e .  I n  c o n t r a s t  t o  t h e  
r e s t r i c t i o n s  imposed by o t h e r  s c c t i o n s  o f  t h e  O u t e r  S p a c e  T r e a t y ,  
Ar t i c l e  1 ( 2 )  a f l i r m a t i v e l y  a u t h o r i z e s  s p a c e  a c t i v i t i e s ,  a n d  
h e n c e  s e r v e s  a s  t h e  p o i n t  o f  d e p a r t u r e  f o r  a n y  a rgument  i n  
f a v o r  o f  a  p a r t i c u l a r  u s e  o f  o u t e r  s p a c e .  For  t h a t  r e a s o n  
A r t i c l e  I ( 2 )  h a s  p l a y e d  a n  i m p o r t a n t  r o l e  i n  t h e  p r o t e c t i o n  c r  
s p a c e  i n i t i a t i v e s  a g a i n s t  u n n c c e s s a r y  r e s t r i c t i o n s .  
, T+us ,  a l t h o u g h  t h e  " f r e e  u s e "  p r i n c i p l e  i s  o n e  o f  t h e  
key  p r o v i s i o n s  o f  t h e  O u t e r  S2ace  T r e a t y ,  and i . s  s u f f i c i e n t l y  
b r o a d  t o  s u s t a i n  t h e  r i g h t  o f  s t a t e s  t o  c o n d u c t  a c t i v i t i e s  i n  
o u t e r  s p x e  f r e e  from c l a i m s  o f  s o v e r e i g n t y  o f  s u b j a c e n t  s t a t e s ,  
i t  i s  n o t  u n l i m i t e d .  
A s  s u g g e s t e d  a b o v e ,  A r t i c l e  1 ( 2 )  must b e  r e a d  i n  t h e  
c o n t e x t  o f  t h e  "common i n t e r e s t s "  c l a u s e  o f  Ar t ic lc  1 ( 1 )  
w i t h  t h e  r e s u l t  t h a t  t h c  a d v a n t a g e s  t o  b e  d e r i v e d  f rom r a p i d  
8 
deve lopment  o f  o u t c r  s p a c e  must b e  b a l a n c e d  a g a i n s t  t h e  r e q u i r e -  
ment t h a t  the deve lopment  be  c a r r i e d  o u t  i n  a  manner b e n e f i c i a l  
t o  a l l  members o f  t h e  i n t e r n a t i o n a l  community.  I n  t h a t  combina-  
t i o n ,  t h e  " f r e e  u s e "  c l a u s e  c r e a t e s  a  t e n d e n c y  t o  l i m i t  t h e  
potential inhibiting effect of a restrictive construction of 
Article I(1). As irpplicd to the industrializaticn of outer 
spxe, the "free use" principle has provided the conceptual 
basis for resisting arguments that activity in outer space is 
unlawful in the absence of clcar and convincing evidence that 
it is being conducted for the benefit. and in t3e interest of 
all countries in accordance with Article I(1). 2 4 Consequently, 
Article 1(2) tends to shift construction L ' Article I ( I )  toward 
the minimal duty to avoid conducting space activities in a 
manner detrimental to the interests of noil-participating states 
as described above. In addition, the "free use" principle is 
subject to the prohibitions both of Article I 1  relating to 
non-appropriatioil and of Article I V  dealing with the scationing 
of nuclear weapons in outcr space. To the extent that space 
industrial activities are likely to contaminate either outer 
space or earth, thc "free use" principle is also limited by 
Article IX. 2 5  
B. Article 11: Non-Appropriation in Outer Space 
The second major limit on the "free use" principle is 
embodied in Article 11, which provides: 
Outer space, including the moon and other 
celestial bodies, is not subject to nationai appro- 
priaticn by claim of sovereignty, by means of use 
or occupation, or by any other means. 
The non-appropriation principle is likely to affect the activities 
associatd with space industrializatinn which involve either 
consumption of space lasources or utilization of the geostationary 
163 
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o r b i t ,  The l a n g u a g e  o f  A r t i c l e  I 1  r a i s e s  t h r e e  main i s s u e s  
w i t h  r e s p e c t  t o  i n d u s t r i a l  deve lopment  i n  s 2 a c e :  
1. t h e  s u b j e c t  m a t t e r  t o  which t h z  p r o h i b i t i o n  a p p l i e s ;  
2 .  t h e  meaning o f  t h e  term " a p p r o p r i a t i o n " ;  a n d  
3. t h e  v a l i d i t y  o f  " a p p r o p r i a t i o n "  by e n t i t i e s  o t h e r  
t h a n  n a t i o n a l  governments .  2 6 
The l i s t i n g  of  spi ice i n d u s t r i a l  a c t i v i t i e s  s e t  f o r t h  
i n  P a r t  I  c o n t a i n s  two t y p e s  o f  r e s o u r c e  u t i l i z a t i o n .  F i r s t ,  
s a t e l l i t e  power syc tems  a r g u a b l y  " a p p r o p r i a t e "  s l a r  e n e r g y .  
However, w i t h  r e s p e c t  t o  s o l a r  e n e r g y  t h e  A r t i c l e  I 1  p r o h i b i t i o n  
c l e a r l y  does n o t  a p p l y .  One o f  t h e  p r i m a r y  p u r p o s e s  o f  
A r t i c l e  I1 i s  t o  implement t h e  " f r e e  use"  p o l i c y  o f  A r t i c l e  I ( 2 ) .  27 
A r t i c l e  I 1  must t h e r e f o r e  be  c o n s t r u e d  t o  p romote  r a t h e r  t h a n  
i n h i b i t  t h e  e x p l - ' a t i o n  and  u s e  o f  o u t e r  s p a c e .  N e a r l y  a l l  
s a t e l l i t e s  p r e s e n t l y  i n  s e r v i c e  o r  p l a n n e d  f o r  t h e  n e a r  f u t u r e  
w i l l  dcpcnd on c o n v e r s i o n  o f  t h e  s u n ' s  e n e r g y  t o  e l e c t r i c a l  
power f o r  u s e  i n  t h e  o p e r a t i o n  o f  t h e i r  r e s p e c t i v e  p a y l o a d s .  
L a r g e - s c a l e  u s e  o f  a l t e r n a t i v e  e n e r g y  s o u r c e s  by s a t e l l i t e s  
h a s  p roven  i m p r a c t i c a l .  A s  a  r e s u l t ,  a p p l i c a t i o n  o f  t h e  
A r t i c l e  I 1  p r o h i b i t i o n  t o  t h e  u s e  o f  t h e  s u n ' s  e n e r g y  would 
s h a r p l y  l i m i t  t h e  s c a l e ,  d u r a t i o n ,  and h e n c e ,  t h e  economic 
v i a b i l i t y  o f  s p a c e  development  p r o j e c t s .  F u r t h e r ,  i n  t h e  
a b s e n c e  o f  s p c c i a l  c i r c u m ~ t a n c e s ,  e n f o r c e m e n t  o f  A r t i c l e  I 1  
a g a i n s t  t h e  " a p p r o p r i a t i o n "  o f  e s s e n t i a l l y  i n e x h a u s t i b ! e  s p a c e  
resources would s e r v e  l i t t l e  p u r p o s e , 2 8  and s h o u l d  b e  a v o i d e d  
ir f a v o r  o f  t h e  " f r e e  u s e u  p r i n c i p l e .  S i n c e  t h e  same p o l i c y  
c o n s i d e r a t i o n s  api3ly t o  c o n v e r s i o n  o f  s o l a r  e n e r g y  f o r  u s e  
on e a r t h  a s  well as  < o r  u s e  by s a t e l l i t e s  i n  o - b i t ,  A r t i c l e  I 1  
p r o b a b l y  d o e s  n o t  l i m i t  t h e  u s e  o f  s o l a r  e n e r g y  by s a t e l l i t e  
power s y s t e m s .  
Second,  e x t r a c t i o n  o f  m i n c r a l  o r e s  and o t h e r  s u b s t a n c e s  
from t h e  moon o r  o t h e r  c e l e s t i a l  b o d i e s ,  which may e v e n t u a l l y  
c o n s t i t u t e  one  o f  t h c  most s i g n i f i c a n t  commercia l  s p a c e  a c t i v i t i e s ,  
a r g u a b l y  c o n s t i t u t e  " a p p r o p r i a t i o n t 1  i n  v i o l a t i o n  o f  A r t i c l e  11. 
A s  n o t e d  below," b o t h  t h e  U n i t e d  S t a t e s  and  t h e  S o v i e t  Union 
have t a k e n  t h e  p o s i t i o n  t h a t  a l t h o u g h  A r t i c l e  I 1  p r e v e n t s  a  
c o u n t r y  froan e x e r c i s i n g  s o v e r e i g n  c o n t r o l  o v e r  p o r t i o n s  o f  
t h e  moon, i t  d o e s  n o t  i n t e r f e r e  w i t h  e x e r c i s e  o f  p r o p r i e t a r y  
r i g h t s  o v e r  n a t u r a l  r e s o u r c e s  a f t e r  t h e y  have been  s e p a r a t e d  
from t h e  moon's s u r f a c e  o r  s u b s u r f a c c .  Ilowcver, t h e  i n t e r -  
p r e t a t i o n  o f  A r t i c l e  I 1  i s  a  c c n t r a l  i s s u e  i n  t h e  n e g o t i a t i o n s  
r e l a t i n g  t o  t h e  d r a f t  moon t r e a t y  b e f o r e  t h e  CPUOS Lega l  Sub-  
commi t tee .  F i n a l  r e s o l u t i o n  o f  t h e  d i s p u t e  which h a s  d e l a y e d  
c d n c l u s l o n  o f  t h e  moon t r c a t y  w i l l  a l s o  depend on e s t a b l i s h m e n t  
on t h e  q u e s t i o n  o f  p o t e n t i a l  r i g h t s  o f  e a c h  member o f  t h e  
i n t e r n a t i o n a l  community t o  e x h a u s t i b l e  l u n a r  r e s o u r c e s .  
The second  c a t c g o , y  ~ f  s p n c c  i n d u s t r i a l  a c t i v i t i e s  which 
c o u l d  be  s i g n i f i c a n t l y  a f f c c t c d  by A r t i c l e  I 1  r e q u i r e  u t i l i z a t i ~ n  
o f  t h e  g e o s t a t i c n a r y  o r b i t .  I n  t h e o r y ,  e a r t h  r e s o u r c e s  and 
communicat ions  s a t e l l i t e s ,  and s a t e l l i t e  power s).sterns c o u l d  
be  s a i d  t o  " a p g r o p r i a t e "  segments  o f  t h e  g e o s t a t i o n a r y  o r b i t .  
, . . .,-- L..A.-,  ...... "-A .. .,. ..,, "L . -:_* .-........ r ... . P.. .. .. .. . .. ... ... . ... . . .. .\ . . ' .. . . . .. .* * . . . - - . . r . r l " "  ,..- I.. ...-,.u-..ir 
The u s e  o f  a  p a r t i c u l a r  o r b i t a l  s l o t  i s  u n d o ~ l b t e d l y  s u b j e c t  
t o  t .he t e r m s  o f  A r t i c l e  11, e s p e c i a l l y  i n  l i g h t  o f  i t s  f u n c t i o n  
o f  p r o v i d i n g  s u p p o r t  t o  t h e  " f r e c  u s e "  p r i n c i p l e .  The q u e s t i o n  
i s  mcs t  p r e s s i n g  f o r  o r b i t a l  power g e n e r a t i o n ,  and t h e  a n a l y s i s  
be low a p p l i e s  - a  f o r t i o r i  t o  o t h e r  s a t e l l i t e s  i n  g e o s t a t i o n a r y  
o r b i t .  Because  o f  t h e  p r o j e c t e d  d i m e n s i o n s  o f  a s o l a r  power 
~ a t e l l i t e , ~ '  t h e  s i z e  o f  t h e  o r b i t a l  s l o t  r e q u i r e d  f o r  s a f e  
o p e r a t i o n  i s  s u b s t a n t i a l l y  g r e a t e r  t h a n  t h a t  r e q u i r e d  f o r  
e x i s t i n g  communica t ions  o r  m e t e o r o l o g i c a l  s a t e l l i t e s .  I n  
a d d i t i o n ,  s t r e s s  f a c t o r s  r e s u l t i n g  from t h e  n e c e s s a r y  l e n g t h  
o f  s u p p o r t  beams s u g g e s t  t h e  n e e d  f o r  s a f e t y  zones  s i m i l a r  i n  
c o n c e p t  t o  t h o s e  e s t a b l i s h e d  f o r  i n s t a l l a t i o n s  engaged i n  
e x p l o i t a t i o n  o f  t h e  r e s o u r c e s  of  s u b m a r i n e  a r e a s .  31 A l t h o u g h  
t h e  Ar t ic le  I 1  p r o h i b i t i o n  c l e a r l y  a p p l i e s  t o  t h e  a p p r o p r i a t i o n  
o f  a  p a r t i c u l a r  o r b i t a l  s l o t ,  t h e  d e t e r m i n a t i o n  o f  t h e  v a l i d i t y  
o f  p l a c i n g  a s o l a r  power s a t e l l i t e  i n  g e o s t a t i o n a r y  o r b i t  i s  
d e p e n d e n t  on t h e  meaning o f  t h e  t e r n  " a p p r o p r i a t i o n "  a s  u s a d  
i n  A r t i c l e  11. 
A n a l y s i s  o f  t h e  c o n c e p t  of  " a p p r o p r i a t i o n "  s u g g e s t s  t h e  
e x i s t e n c e  o f  two s u b s i d i a r y  e l e m e n t s :  ORIGINAL PAGE Ih 
1. e x c l u s i v e  u s e ;  and 
2 .  r e l a t i v e l y  pcrmancnt  u s e ,  i n c l u d i n g  c o n s u m p t i o n .  3 2  
I t  ha; bcen  a r g u c d  t h a t  s i n c e  u s c  o f  a p a r t i c u l a r  o r b i t a l  s l o t  
by a g e o s t i i t i o n a r y  s a t e l l i t e  i s  t e m p o r a r y ,  t h e  r e q u i r e m e n t  
o f  permanence  i s  a b s e n t  and t h e  u s e  o f  t h e  o r b i t a l  s l o t  c a n n o t  
be  c o n s i d e r e d  an  " a p p r o p r i a t i o n "  w i t h i n  t h e  meaning o f  
A r t i c l e  11. I 3  Other  a u t h o r i t i e s  conc lude  t h a t  n a t i o n a l  u s e  of  
p a r t i c u l a r  segments o f  t h e  o r b i t a l  a r c  d e p r i v e s  o t h e r  s t a t e s  o f  
t h e  o p p o r t u n i t y  t o  u s e  t h e  same a r e a  and t h e r e f o r e  c o n s t i t u t e s  
a p p r o p r i a t i o n  th rough  occupa t ion .  I4 The key i s s u e  i s  t h e  
permanence o f  t h e  u s e .  E v a l u a t i o n  of  t h e  economic v i a b i l i t y  
o f  a  s a t e l l i t e  power system i s  based on t h e  assumption t h a t  
t h e  system would o p e r a t e  f o r  u p  t o  t h i r t y  y e a r s .  35 Although 
t h a t  p e r i o d  i s  ex tended ,  it does  n o t  i n d i c a t e  t h e  permanence 
n e c e s s a r y  t o  invoke t h e  p r o h i b i t i o n s  o f  A r t i c l e  11. However, 
l o n g e r  p e r i o d s  cou ld  exceed t h e  l i m i t  and come w i t h i n  t h e  
purview o f  A r t i c l e  11. 
The t h i r d  i s s u e  r a i s e d  by t h e  A r t i c l e  I 1  p r o h i b i t i o n  f o c u s e s  
on t h e  i d e n t i t y  o f  t h e  system o p e r a t o r .  A r t i c l e  I 1  appea r s  t o  
p r o h i b i t  on ly  n a t i o n a l  a p p r o p r i a t i o n ,  s u g g e s t i n g  t h a t  even 
permanent u se  o f  an o r b i t a l  s l o t  by i n t e r n a t i o n a l  o r g a n i z a t i o n s  
o r  commercial e n t i t i e s  would no t  n e c e s s a r i l y  c o n s t i t u t e  a  v i o l a -  
t i o n  of  t h a t  p r o v i s i o n .  36  Consequent ly ,  a  commercial consor t ium 
would n o t  b c  p r o h i b i t e d  under  A r t i c l e  I1 from m a i n t 3 : n i n g  a 
s o l a r  power, e a r t h  r e s o u r c e s  o r  communications s a t e -  t e  i n  a  
p a r t i c u l a r  o r b i t a l  s l o t  f o r  an  i n d e f i n i t e  p e r i o d .  S i m i l a r l y ,  
s u b j e c t  t o  e s t a b l i s h m e n t  o f  a  c l e a r  d i s t i n c t i o n  from o t h e r  t y p e s  
o f  o r g a n i z a t i o n s ,  an " i n t e r n a t i o n a l "  o r g a n i z a t i o n  would n o t  be 
p r o h i b i t e d  e i t h e r  from o p e r a t i n g  a  s i m i l a r  system o r  a l l o c a t i n g  
o r b i t a l  s l o t s  among i t s  members. For t h a t  r e a s o n ,  t h e  a c t i v i t i e s  
o f  t h e  I n t e r n a t i o n a l  Telecommunication Union d e s c r i b e d  below 
i n  S e c t i o n  I 1 1  r e l a t i n g  t o  t h e  management o f  t h e  g e o s t a t i o n a r y  
o r b i t  do n o t  v i o l a t e  A r t i c l e  11. 
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Three potential limitations on these conclusions should be 
noted. First, the interpretation set forth above would not 
permit commercial or international organizations from claiming 
exclusive rights to a particular area of outer space in the 
absence of actual use. Thus, if such an organization had 
maintained a satellite in a specific orbital slot for a sub- 
stantial period of time and the satellite's station-keeping 
systems :-ubscquently failed, the organization would not be 
entitled to prevent any other entity from occupying that slot 
pending orbiting a replacement satellite by the original 
occupant. Second, if an entity were established which although 
commercial in form was essentially under the control of the 
government of the country in which it is organized, permanent 
use would constitute national, as distinguished from non-national, 
appropriation. 3 7  Third, dispute has arisen regarding the 
minimum standard of universality which would determine whether 
an international organization would be implicitly exempted 
from the rule of non-appropriation. Professor Jenks has argued i 
t 
that only the United Nations as a representative of the uhole 1 
! international community should be exempt. 38 Presumably any inter- 1 
governmental organization of relatively universal bnembershjp 
t 
satisfies the ninimum standard. IIowever, some question remains 1 
regarding the exemption of an organization composed of a limited 
number of governments. 3 9 
Thus, the Article I 1  prohibition against the appropriation 
of outc space applies to exclusive use of a segment of the 
geostationary orbit. However, the prohibition does not apply 
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to the activities of eithcr non-governmental entities or 
relatively comprehensive international organizations. The 
implications of the non-appropliation provision for space 
industrial activities are further limited by the conclusion 
that since the use contemplated is not permanent, exclusive use 
for a limited period of time would not constitute "appropriationu 
as that term is used in Article 11. Hence, regardless of the 
operating entity's institutional structure, it can expect to 
conduct industrial activities in geostationary orbit without 
concern that its action violates Article 11. 
C. Article I11 
Another fundamental principle affecting the utilization of 
outer space is the general applicability of international law 
as embodied in Article 111, which provides: 
States Parties to the Treaty shall carry on 
activities in the exploration end use of outer space, 
including the moon and other celestial bodies, in 
accordance with international law, including the 
Charter of the United Nations, in the interest of 
maintaining international peace and security and 
prumoting international co-operation and understanding. 
As suggested in Subsections A and B above, Article 111, through 
its reference to the United Nations Charter, affects industrial 
devclopment of outer space, first, because it prohibits the 
aggressive use of military force, and second, because it does 
not prohibit the use of economic leverage for political 
purposes. In both cases, thc key is Article 2 ( 4 )  of the 
United Nations Charter which provides: 
A l l  Members [o f  t h e  Uni ted Na t ions ]  s h a l l  r e f r a i r  
i n  t h e i r  i n t e r n a t i o n a l  r e l a t i o n s  from t h e  t h r e a t  
o r  u s e  o f  f o r c e  a g a i n s t  t h e  t e r r i t o r i a l  i n t e g r i t y  
o r  p o l i t i c a l  independence of  any s t a t e ,  o r  i n  any 
manner i n c o n s i s t e n t  w i t h  t h e  pu rposes  o f  t h e  Uni ted  
Nat ions .  
1 n t e r p r e t . a t i o n  o f  t h i s  p r o v i s i o n  i n  l i g h t  o f  t h e  remainder  
o f  t h e  C h a r t e r  s u g g e s t s  t h a t  t h e  u s e  of  armed f o r c e  i s  p r o h i b i t e d ,  
excep t  under  c e r t a i n  s p e c i f i e d  c i r c u m s t a n c e s  when t h e  u s e  o f  
f o r c e  i n  s e l f - d e f e n s e  i s  a u t h o r i z e d .  4 0  Consequent ly ,  under  
A r t i c l e  I11 u se  of o u t e r  space  f o r  d e f c n s i v e  purposes  is  n o t  
p r o h i b i t e d .  That c o n c l u s i o n  i s  s t r e n g t h e n e d  by t h e  l anguage  o f  
A r t i c l e  IV a s  d e s c r i b e d  below i n  S e c t i o n  I.D. 
In  connec t ion  w i t h  t h e  a n a l y s i s  o f  A r t i c l e  1 ( 1 )  i n  
S e c t i o n  I.A. above,  it was s u g g e s t e d  t h a t  i n t e r n a t i o n a l  law 
would n o t  p r o h i b i t  t h e  o p e r a t o r  o f  a  space  i n d u s t r i a l  f a c i l i t y  
from engaging i n  economic c o m p e t i t i o n  w i t h  o t h e r  c o u n t r i e s  
which produce s i m i l a r  p r o d u c t s  o r  from u s i n g  t h e  a v a i l a b i l i t y  
o f  t h e  p r o d u c t s  o f  t h o s e  f a c i l i t i e s  t o  e x e r t  economic p r e s s u r e  
on consuming c o u n t r i e s  a s  a  means of  p o l i t i c a l  p e r s u a s i o n .  
C o n s t r u c t i o n  of  A r t i c l e  2 (4)  o f  t h e  C h a r t e r  l i m i t i n g  i t s  
p r o h i b i t i o n  t o  t h e  u s e  o f  armed f o r c e  i s  a  s i g n i f i c a n t  p a r t  o f  
t h e  c o n c e p t u a l  unde rp inn ings  o f  t h a t  p r o p o s i t i o n .  The c o n c l u -  
s i o n  t h a t  economic l e v e r a g e  i s  n o t  p r o h i b i t e d  under  A r t i c l e  2 (4 )  
i s  suppor t ed  by s i g n i f i c a n t  a u t h o r i t y .  41 In  a d d i t i o n ,  t h a t  
c o n c l u s i o n  i s  c o n s i s t e n t  w i t h  p r e v a i l i n g  g e n e r a l  i n t e r n a t i o n a l  
law. 4 2 As a r e s u l t ,  t h e  sys tem o p e r a t o r  need no t  be concerned  
t h a t  any means o f  s e l e c t i n g  o r  l i m i t i n g  consumers o f  t h e  s y s t e m ' s  
p r o d u c t s  c o n t r a v e n e s  e x i s t i n g  i n t e r n a t i o n a l  law. 
D. Article I V  
Some of the applications listed in Part I  could be converted 
to military purposes. Article I V  of the Outer Space Treaty, 
which limits these possibilities, provides in part: 
States Parties to the Treaty undertake not to 
place in orbit around the earth any objects carrying 
nuclear weapons or any other kinds of weapons of 
mass destruction, install such weapons on celestial 
bodies, or station such weapons in outer space in 
any other manner. 
The language of Article IV raises two main issues: 
1. the implications for industrial development of outer 
space of the Article I'd prohibition against the 
stationing of weapons of mass destruction in orbit; 
and 
2. the impact on Article I V  on plans to establish military 
facilities in orbit for the protection of a satellite 
power system from attack. 
In Section I . A . 2 .  above, analysis of Article IV in the 
context of the concept of the exclusive use of outtr space for 
peaceful purposes suggested, among others, the conclusion 
that Articles 1(1) and IV(1) implicitly authorize the esta- 
blishment of military installations and weapons systems 
in outer space - -  but not on the celestial bodies - -  which are 
exclusively defensive in nature, provided they do not contain 
nuclear weapons or other weapons of mass destruction. Of the 
activities described in Part I, only satellite power systems 
and their microwave or laser transmission beams appear likely 
i 
1 
to bc  adaptable for dircct usc as  weapons. The possibility 
i 
that the products of industrial facilities in outer space I 
could be used for military purposes is discussed in Section I.A.2. 
above. 
Because of the nature of the transmission beam, the argu- 
ment may be made that the establishment of a satellite power 
system potentially constitutes the stationing of a weapon of 
mass destruction in outer spacz in violation of Article IV. 
The system operator can make at least three responses. First, 
the system is designed not as a weapon but as a utilitarian 
device for the efficient use of solar resources. Any of the 
present designs incorporates a series of safety devices to 
terminate transmission of power when the transmission beam 
moves outside the intended reception area. 4 3  Although the 
selection of a laser transmission beam could constitute a 
safety hazard, the tendency among designers is toward the use 
of a microwave beam which is considered less dangerous. 4 4  
Nonetheless, the potential harm from a microwave beam should 
not be underestimated. 45 Second, in geostationary orbit the 
satellite's configuration and location would limit its use as 
a weapon. Third, the system is not likely to be operated by 
military or national security entities and is therefore less 
susceptible to use as a weapon. Thus, although use of a satel- 
lite power system as a weapon is clearly prohibited under 
Article I.V.(l), the probability of such use as well as the 
value thereof is rather small. 
Application of Article IV to the establishment of military 
installations in space to protect space industrial facilities 
is somewhat more complex. Once established, space industrial 
facilities, especially those i~ geostationary orbit, would 
present a desirable target for military or terrorist action, 
The large size of power generation and manufacturing structures 
would increase the margin of error for targeting purposes and 
therefore decrease the level of military sophistication 
required to ensure reasonable probability of a successful 
attack. In addi.tion, the potential importance of industt ' .i.\ 
facilities to a nation's economic, political and military 
potential suggests that destruction of the system would be 
assigned a high priority in time of military or political 
conflict. Finally, because an attack on the system could 
create significant social and political impact without 
jeopardizing human life, the system would represent a desirable 
target for symbclic actions. 
In thcory, Article VII of the Outer Space Treaty and the 
procedure established in the Convention on International 
Liability for Damage Caused by Space Objects would provide 
remedies for any damage except that caused by actions taken 
against the system not involving a space object. A laser 
attack originating from a terrestrial installation is a 
possible exantple. However, the procedures established by 
treaty are not likely to be effective, especially in cases of 
deliberate destruction. First, extensive delays must be 
a n t i c i p a t e d  p r i o r  t o  resumption of s e r v i c e ,  w i t h  obvious 
consequences f o r  t h e  launching  s t a t e ' s  econcmic s t a b i l i t y ,  
S e c o ~ d ,  s i n c e  d i p l o m a t i c  c l a ims  s e t t l e m e n t  procedures  a r e  
involved ,  f u l l  recovery  o f  damages s p e c i f i e d  i n  A r t i c l e  X I 1  
of t h e  Convention i n  L i a b i l i t y  i s  no t  l i k e l y ,  f i r s t ,  because 
damage c l a ims  a r e  o f t e a  d i s c o u n t e d ,  and second,  because few 
c o u n t r i e s  have t h e  economic c a p a c i t y  t o  repay t h e  c o s t  of  
e s t a b l i s h i n g  a  space  i n s t a l l a t i o n .  T h i r d ,  a  s u c c e s s f u l  a t t a c k  
could  c r e a t e  p o t e n t i a l  hazards  from d e b r i s  i n  space  and,  i n  
t h e  c a s e  of  s a t e l l i t e  power systems,  from t r a n s m i s s i o n  beam 
s p i l l o v e r  on t h e  e a r t h ' s  s u r f a c e .  
In l i g h t  of  t h e  fo rego ing  c o n s i d e r a t i o n s ,  some means o f  
m i l i t a r y  p r o t c c t i o n  i s  cons ide red  d e s i r a b l e .  T e r r e s t r i a l  
weapons systems a r e  l i k e l y  t o  be l i m i t e d  i n  t h e i r  a b i l i t y  t o  
defend space  i n s t a l l a t i o n s  a g a i n s t  a t t a c k  e i t h e r  from o u t e r  
space  o r  from t h e  e a r t h ,  Hence, some form of dezens ive  weapons 
system s t a t i o n e d  i n  space  i n  a  p o s i t i o n  t o  p r o t e c t  t h e  s a t e l l i t e  
power system appears  necessa ry .  
In S e c t i o n  I .A.Z.,  a n  a n a l y s i s  of A r t i c l e s  I ( 1 )  and IV 
and t h e  concept  t h a t  o u t e r  space  should  be usef t  e x c l u s i v e l y  f o r  
peace fu l  purposes l e d  t o  two main conc lus ions :  
1. t h e  s t a t i o n i n g  o f  n u c l e a r  and o t h e r  weapons of mass 
d e s t r u c t i o n  i n  o u t e r  space i s  p r o h i b i t e d ;  
2 .  m i l i t a r y  a c t i v i t y  i n  o u t e r  space  i s  not  p r o h i b i t e d  i f  
it i s  d e f e n s i v e  o r  non-aggress ive  i l l  n a t u r e .  
The same principles apply to the establishment of a weapons 
system in space for the protection of the space segment of 
space industrial facilities. 111 principle, Articles I[l), 
111 and IV do not prohibit the establishment of such a weapons 
system provided it does not incorporate weapons of mass 
destruction or require the use of installations on the moon 
or other celestial bodies. 
Some difficulty could arise, however, if a protective 
system were incorporated which purported to be defensive in 
nature but which could be trained on earth or other celestial 
bodies, or upon large space objects and used for aggressive as 
well as dcfcnsivc purposes. Although it could be argued that 
the exigencies of national security and modcrn warfare 
require rlch flexibility, the dual purpose approach would 
undermine the rationale for omitting defensive weapons systems 
from thc prohibitions of Article IV. As a rcsult, such systems 
may be considered unlawful t3 the extent that they are capable 
of inflicting mass dcstruction. 
E. Article V I  46 
Article VI, which establishes the foundations for inter- 
national responsibility for activities i n  outer space provides: 
States Partics to the Treaty shall bear inter- 
national responsibility for national activities in 
outcr space, ilicluding the moon dild other celestia: 
bodies, whether such tctivities are carried on bv 
governmental agencies or by non-governmental entities, 
and for assuring that national activities are carried 
out in conformity with the provisions set forth in 
the preserit Treaty. The activities of non-governmental 
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entities in outer space, including the moon and other 
celestial bodies, shall require authorization and 
continuing supervision by the State concerned. When 
activities are carried on in outer space, including 
the moon and other celestial bodies, by an international 
organization, responsitility for compliance l,.ith 
this Treaty shall be borne both by the internatio~ial 
organization and by the States Parties to the Treaty 
participatiq in such organization. 
Thus, each state which is a party to the treaty is charged with 
the obligatjon, first, to ensure that the activities of its 
nationals ccmply with the provisions of the treaty, and second, 
to accept responsibility for those activities which contravene 
applicable provisions. In this manner, states are unable to 
avoid the duty of compliance through the use of institutional 
configurations which do not involve elements of the natimal 
government. 4 7  Consequently, the responsibility of each state's 
government is not affected by the juridical character of the 
entity actually opcrating i k ~  satellite power system. 
A state's d v t y  to supervise the activities of its nationals 
for practical purposes pro5ably prohibits unregulated, 
private undertakings. 4 8  !.rticle VIII of the Outer Space Treaty 
reinforces the obligation by requiring the state under whose 
registry an object is launched into outer space to retain control 
and jurisdiction. In light of the potentially hazardous 
charactcr of many scti~rities rclatcd to industrial developmdnt 
in outcr space, cspccially satellite power gcncration, thc policy 
considerations underlying Article VI suggest the need for 
relatively strict supervision.J9 The provisions of Article VI I 
agd the Convention on Internationai Liability for Damage Caused 
by Space ~bjects,~' which impose liability on the launching 
state fnr damage resulting from space activity, are likely to 
give rise to practical and foreign policy considerations which 
create pressure upon national gcvernments to exercise the 
supervision necessary to cnsurc protection against the potential 
hazards of orbital power generation. 
Although governments are rcquircd .o ensure compliance of 
their resnective nationals with appropriate provisions of the 
treaty, Article VI docs not have the effect of subjecting 
non-governmental entities to provisicns which would otherwise 
not apply to them. Tor example, as suggested above is; 
Scction I I . A . ,  Article I1 docs not apply either to private 
sector entities or to international organizations. Although 
terms of Article VI require states parties to the treaty to 
ensure complianc~ of their nationals with its provisions, 
Article VI does not extc~d thc prohibition against appropriation 
to entities which are not covered by the terms of Article 11. 
F. Article VII 
Article VII, which embodies thc fundamental principles 
got2rning liability for dangcr arising from space activities, 
provides : 
Each State Party to the Treaty that launches or 
procures the launching of an object into outer space, 
including the moon, a,~d other celestial todics, and 
each State Party from whose territory or facility ap 
object is launched, is internationally liable for 
damage to another Stzte Party to the Treaty or to its 
natural or juridical persons by such object or its 
component parts on the Earth, in air space or in outer 
space, including the moon and other celestial bodies. 
Because of the wide range of potential environmental and other 
hazards which could be cre~ted by establishment aild operation 
of space industrial facilities, the question of liability is 
particularly significant. Potential injuries include: 
Damage to body tissue of humans and kildlife exposed 
to nuclear and electromagnetic radiation; 
Radio frequency interference; 
Interference with electronic instrumentation, especially 
devices associated with medical, navigation, and 
explosives detonation activities; and 
Environmental modif i c ~ t  ion, iilcluding weather and 
climate alteration, resulting from increased heat 
gentbrat ion and interactiun of the transmission beam 
and launch vehicle exhausts with the *:?per atmosphere 
arA ionosphere. 5 1 
If injury results from the operation of a satellite power system, 
the injured party is entitled to redress under Article VII. 
Under itr terms, the state which procurei the launch of the 
veilicle causing the injury and the state which launched the 
space object are internationally liable to the entity actually 
injure?, or to its national government. The 'anguage of 
Article VII ralses two main issues: 
1. the meaning of the word "damage"; and 
2. the meaning of the p5rasc "internationally liable." 
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A l t h o u g h  t h e  terms o f  A r t i c l e  VII p r o v i d e  no  g u i d a n c e  on  t h e s e  
i s s u e s ,  t h e  b r o a d  p r i n c i p : e s  o f  A r t i c l e  V I I  were  implenlented 
i n  t h e  Conven t ion  on  I n t e r n a t i o n a l  L i a b i l i t y  f o r  Damage Caused 
by S p a c e  O b j e c t s .  S i n c e  A r t i c l e  V I I  r a i s e s  no i s s u e s  which are 
d i s t i n g u i s h a b l e  f rom t h o s e  r a i s e d  by a p p l i c a t i o n  o f  t h e  
L i a b i l i t y  C o n v e n t i o n  t o  s p a c e  i n d u s t r i a l i z a t i o n ,  d i s c u s s i o n  
o f  t h e  A r t i c l e  VI I  p r i n c i p l e s  i s  i n c o r p o r a t e d  i n  S e c t i o n  I 1  
o f  t h i s  P a r t ,  which  examines  t h e  L i a b i l i t y  C o n v e n t i o n .  
A r t i c l e  V I I I  
Ar t ic le  V I I I  o f  t h e  O u t e r  S p a c e  TreaEy ,  p e r t a i n i n g  t o  
t h e  o w n e r s h i p  and c ~ n t r o l  o f  o b j e c t s  i n  o u t e r  s p a c e  p r o v i d e s :  
A S t a t e  P a r t y  t o  t b e  T r e a t y  on  whosc r e g i s t r y  a n  
o b j e c t  launc!lcd i n t o  o u t e r  s p a c e  i s  c a r r i e d  s h a l l  
r e t a i n  j u r i s d i c t i o n  and c o n t r o l  o v e r  s u c h  o b j e c t ,  
and o v e r  any p e r s o n n e l  t h e r e f o r ,  w h i l e  i n  o u t e r  s p a c e  
o r  on  a c e l e s t i a l  body. Ownership  o f  o b j e c t s  l a u n c h e d  
i n t o  o u t e r  s y a c c ,  i n c l u d i n g  o b j e c t s  l a n d e d  o r  c o n s t r u c t e d  
c n  a c e l e s t i a l  body,  and o f  t h e i r  component p a r t s ,  
i s  c o t  a f f e c t e d  by t l ,cir  p r e s e n c e  i n  o u t e r  s p a c e  
o r  on  a  c e l e s t i a l  body o r  by t h e i r  r c t u r n  t o  t h e  E a r t h .  
Sucn o b j e c t s  o r  component p a r t s  found  beyond t h e  l imi ts  
o f  t h e  S t ~ t e  P a r t y  t o  t h e  T r e a t y  on  whosc r e g i s t r y  
t h e y  a r e  c a r r i e d  s h a l l  b c  r e t u r n e d  t o  t h a t  S t a t e ,  
v h i c ~ l  s h a l l ,  upor? r e q u e s t ,  f u r n i s h  i d e n t i f y i n g  d a t a  
p r i o r  t o  t h e i r  r c t u r n .  
Thc  f i r s t  s c n t e n c c  a s s i s t s  i m p l e m e n t a t i o n  o f  t h e  p r o v i s i o n s  
o f  A r t i c l e s  VI and VII  r e l a t i n g  t o  i n t e r n a t i o n a l  r e s p o n s i b i l i t y  
and l i a b i l i t y  f o r  a c t i v i t  i c s  i l l  o u t e r  s p a c e ,  p a r t i c u l a r l y  
o v e r  n a t i o n a l s  o p e r a t i n g  i n  n o n - g o v e r n m e n t a l  capacities. 
Al though  t h e  n a t u r e  and s c o p e  o f  n a t i o n a l  c o n t r o l  i s  l i k e l y  
t o  v a r y  from c o u n t r y  t o  c o u n t r y ,  p o s s i b l y  g .v ing r i s e  t o  a  
" f l a g  o f  c o n v e n i e n c e "  p r a c t i c e  i n  o u t e r  s p a c e ,  A r t i c l e  V I I l  i s  
likely to introduce or incrcasc regulatory limitations on 
industrial development in outer space. Consequently, entities 
which are interested in participating in the development of 
outer space should acticipatc that current developments in 
regulatory concc:*is and practices ?re likely to serve as 
precedents far re ulation of space activities. Hence, those 
entities should consider whether regulatory developments in 
relevant areas, both substantive and geographic, should be 
monitored for purposes of identifying ,rends and formulating 
plans for participating in the evolution of regulatory structures. 
The second sentexce is considered extremely important 
to institution of operational industrial services in outer 
spa:e. By protecting the rights of owncrship as established 
in accordance with traditional international law, Article VIII 
provides the basis for industrialization of outer space under 
both commercial and national governmental organizational 
structures. As suggested below in Section IV, the capital 
investment necessary to develop, establish and operate a 
satellite poker system would hc deterred or completely prevented 
if rights of ownership are not protected. 
I .  - Article IS 
Article IS, the final ~~rovision of t h e  Outer Spacc Treaty 
which is likcly to affect the indtlstrialization of outer space, 
provides : 
I n  t h e  e x p l o r a t i o n  and u s e  o f  o u t e r  s p a c e ,  
i n c l u d i n g  t h e  moon and o t l l c r  c e l e s t i a l  b o d i e s ,  S t a t e s  
P a r t i e s  t o  t h e  T r e a t y  s h a l l  b e  g u i d e d  by t h e  p r i n c i p l e  
o f  c o - o n e r a t i o n  and m u t u a l  a s s i s t a n c e  and  s h a l l  
c o n d u c t '  a l l  t h e i r  a c t i v i t i e s  i n  o u t e r  s p a c c ,  i n c l u d i n g  
t h e  moon and o t h e r  c e l e s t i a l  b o d i c s ,  w i t h  d u e  r e g a r d  
t o  t h e  c o r r e s p o n d i n g  i n t e r e s t s  o f  a l l  o t h e r  S t a t e s  
P a r t i e s  t o  t h e  T r e a t y .  S t a t e s  P a r t i e s  t o  t h e  T r e a t y  
s h a l l  p a r s u e  s t u d i e s  o f  o u t e r  s p a c e ,  i n c l u d i n g  t h e  
moon and o t h e r  c e l e s t i a l  b o d i e s ,  and c o n d u c t  e x p l o r a -  
t i o n  o f  them s o  a s  t o  a v o i d  t h e i r  h a r m f u l  c o n t a m i n a -  
t i o n  and a l s o  a d v e r s e  c h a n g e s  i n  t h e  e n v i r o n m e n t  o f  
t h e  E a r t h  r e s u l t i n g  from t h e  i n t r o d u c t i o n  o f  e x t r a -  
t e r r e s t r i a l  m a t t e r  a n d ,  where  n e c e s s a r y ,  s h a l l  a d o p t  
a p p r o p r i a t e  m e a s u r e s  f o r  t h i s  p u r p o s e .  I f  ?- S t a t e  
P a r t y  t o  t h e  T r e a t y  h a s  r e a s o n  t o  b e l i e v e  t h a t  a n  
a c t i v i t y  o r  e x p e r i m e n t  p l a n n e d  by i t  o r  i t s  n a t i o n a l s  
i n  o u t e r  s p a c e  i n c l u d i n g  t h e  moon and  c ~ h e r  c e l e s t i a l  
b o d i e s ,  would c a u s e  p o t e n t i a l l y  h a r m f u l  i n t e r f e r e n c e  
w i t h  a c t i v i t i e s  o f  o t h e r  S t a t e s  P a r t i e s  i n  t h e  p e a c e f u l  
e x p l o r a t i o n  and u s e  o f  o u t e r  s p a c e ,  i n c l u d i n g  t h e  
moon and o t h c r  c e l e s t i a l  b o d i e s ,  i t  s h a l l  u n d e r t a k e  
a p p r o p r i a t e  i n t e r n a t i o n a l  c o n s u l t a t i o n s  b e f o r e  p r o -  
c e e d i n g  w i t h  a n y  s u c h  a c t i v i t y  o r  e x p e r i m e n t .  A 
S t a t e  P a r t y  t o  t h e  T r e a t y  which h a s  r e a s o n  t o  b e l i e v e  
t h a t  a n  a c t i v i t y  o r  e x p e r i m e n t  p l a n n e d  by a n o t h e r  
S t : i t e  P a r t y  i n  o u t e r  s p a c e ,  i n c l u d i n g  t h e  moon 
and o t h c r  c e l e s t i a l  b o d i c s ,  would c a u s e  p o t e n t i a l l y  
h a r m f u l  i n t e r f e r e n c e  w i t h  a c t i v i t i e s  i n  t h e  p e a c e f u l  
e x p l o r a t  i o n  and  u s e  o f  o u t e r  s p a c e ,  i n c l u d i n g  t h e  
moon and o t h c r  c e l e s t i a l  b o d i e s ,  may r e q u e s t  c o n s u l t a -  
t i o n  concerning t h e  a c t i v i t y  o r  c x p e r i m e n t .  
L i k e  A r t i c l e  11, A r t i c l c  IX o p e r a t e s  a s  a  l i m i t  on t h e  
" f r e e  use"  p r i n c i p l e  o f  Ar t i c l c  1 1 2 ) .  The key p r o v i s i o n  
c o n t a i n e d  i n  t h e  f i r s t  s e n t e n c e  o f  A r t i c l e  IX r e q u i r e s  c t a t e s  
t o  "conduc t  z11  t h e i r  a c t i v i t i e s  i n  o u t e r  s p a c e  . . . . ,  w i t h  
d u e  r e g a r d  t o  t h e  c o r r e s p o n d i n g  i n t e r e s t s  o f  a l l  o t h e r  S t a t e s  
P a r t i e s  t o  t h e  T r e a t y .  5 2 The rcrnclining t h r e e  s e n t e n c e s  
53 implement t h e  "due r e g a r d "  r c q u i r c m c n t  . 
The l i m i t a t i o n  c o n t a i n e d  i n  t h e  f i r s t  s e n t e n c e  i s  p a r t i c u -  
l a r l y  r e l e v a n t  t o  t h e  u s e  o f  t h e  g e o s t a t i o n a r y  o r b i t ,  whe;c 
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thc problem of conflicting uses is complicated, first, by 
potential interference among satellites which are located in 
proximity to one another, and second, by disputes between 
countries which intend to use a particular orbital slot in the 
precent or the near future and countries which plan to use the 
sbac slot in the more distant future am3 which are therefore 
co..ct?rncJ about yrcserving their future interests. In an effort 
to promote resolution of thcsc potential conflicts, Articlc IX 
provides the basis for consultation among the concerned parties. 5 4 
The general policies of Article IX are applied to the utilization 
of t!~e geostationary orbit by the International Telecommunication 
Convention and the Radio Regulations periodically revised by 
ITU conferences. 
The second sentence, wl'ich requires states parties to 
the treaty to conduct activities in outer space so as to 
a v u i d  50th harmful contaminatian of outer space and adverse 
changcs in the earth's cnvironmcnt rcsulti.~g from the intro- 
ductjon of extraterrestrial matter, could limit opcration 
of space industrial facilities, if liberally construed. Gn its 
face, the second sentence is limited to environmental hazards 
potentially created by cxtratcrrestrial rilattcr brougllt ~ ~ i t h i n  
- 
the earth's biosphcre. Although thc distinction between matter 
and energy is not yct precisely defined for these purposes, 
the passagc of the satellitc power system transmission beam, 
for example, through thc earth's atmcsphere appears to fall 
outside the scope of the second sentence. 
However, the combination of the first two sentences may 
have the effect of extending the prohibit;on to the introduction 
of any physical phenomenon which could adversely affect the 
eaith's environment. The first sentence implicitly inc~rporates 
at least conceptually the requirement of Article 1(1) that outer 
space be used "for the benefit and in the interest of all 
countries. 1155 To the extent the two provisions are coextensive, 
the first sentence would require space powers to conduct their 
space activities in a manner which does not prejudice the 
"corresponding" interests of non-participants. The definition 
of the term "corresponding" is not clarified, but presumably 
encompasses both space and terrestrial interests likely to be 
affected by space activities, in a manner comparable to t!le 
"common interests" clause of Article I ( 1 ) .  56 Consea~~ently , 
Article IX requires that consideration be given to the elimina- 
tion of the advel,e cffects listed at~ove,~' cspccially to the 
extent they effect the interests of states other than the state 
conducting the activity in question. 
The third and fourth sentences establish a minimum 
standard for "due consideration," If  the state undertaking 
the activity has reason to belicvc that activities planncd 
by its nationals are likely to cause harmful interference with 
the activities of other states parties to tlie treaty, it is 
obligated to "undertake appropriate international consultations" 
with the affected states p r i ~ r  to implementation of its plans. 
Similarly, if one party has reason to believe that tlie activities 
of ano the r  p a r t y  would cause  p o t e n t i a l l y  harmful i n t c r f e r e n c e  
w i t h  a c t i v i t i e s  r e l a t i n g  t o  t h e  e x p l o r a t i o n  and use  of o u t e r  
space ,  t h e  former may r e q u e s t  such c o n s u l t a t i o n s ,  even i f  i t s  
own a c t i v i t i e s  would no t  be a d v e r s e l y  a f f e c t e d .  58 The c o n s u l t a -  
t i o n  p r o v i s i o n s  r a i s e  t h r e e  key i s s u e s :  
1. when does a  p a r t y  have s u f f i c i c n t  " reason t o  b e l i e v e "  
t h a t  harmful interference would r e s u l t  from t h e  planned 
a c t i v i t i e s ?  
2 .  what c o n s t i t u t e s  harmful i n t e r f e r e n c e ?  
3 .  what a r e  t h e  c h a r a c t e r i s t i c s  of " a p p r o p r i a t e  i n t e r n a -  
t i o n a l  c o n s u l t a t i o n s ?  
Under t h e  language of t h e  t h i r d  sen tence  of  A r t i c l e  IX, 
t h e  o b l i g a t i o n  of  a s t a t e  p l ann ing  t o  engabe i n  space  a c t i v i t y  
becomes o p e r a t i v e  when i t  has  " reason t o  be l i eve"  t h a t  execu t ion  
of p l ans  would cause  harmful i n t e r f e r e n c e  wi th  t h e  a c t i v i t i e s  of  
o t h e r  s t a t c s  i n  o u t e r  space .  Thus, t h e  d e t e r m i n a t i o n  t h a t  t h e  
o b l i g a t i o n  has become o p e r a t i v e  i s  s o l e l y  w i t h i n  t h e  d i s c r e t i o n  
of t h e  lcunching s t a t e .  I f  i t  l a c k s  s u f f i c i e n t  i n fo rma t ion  
r e l a t i n g  e i t h e r  t o  i n t e r f e r e n c e  f a c t o r s  o r  t o  t h e  p l a n s  of 
e x i s t i n g  space  a c t i v i t i e s  of  o t h e r  s t s t e s ,  t h e  launching  s t a t e  
i s  au thor i zed  t o  proceed w i ~  rout c o n s u l t a t i o n .  5 g  The scope of 
t h i s  d i s c r e t i o n  may bc lirr.*ted, however, by communications from 
s t a t e s  whose space a c t i v i t i e s  would bc adve r se ly  a f f e c t e d  o r  from 
t h i r d  s t a t e s  t o  t h e  launching  s t a t c s  informing t h e  l a t t e r  o f  
p o t e n t i a l  i n t e r f e r e n c e  and r e q u e s t i n g  c o n s u l t a t i o n s  a s  provided 
i n  t h e  f o u r t h  sen tence  of A r t i c l e  IX. 
A r t i c l e  IX does  n o t  p r o v i d e  a  c i e a r  s t a n d a r d  f o r  d e t e r m i n i n g  
when t h e  a c t i v i t i e s  o f  one s t a t e  "could  c a u s e  p o t e n t i a l l y  
harmful  i n t e r f e r e n c e "  w i t h  t h e  a c t i v i t i e s  o f  a n o t h e r .  The 
language  o f  t h e  t h i r d  sc t e n c e  s u g g e s t s  t h a t  o n l y  i n t e r f e r e n c e s  
w i t h  t h e  space  a c t i v i t i e s ,  a s  d i s t i n g u i s h e d  from t h e  e a r t h -  
bound a c t i v i t i e s ,  o f  a n o t h e r  s t a t e  a r e  r e l e v a n t ;  however,  s i n c e  
a  l a r g e  p r o p o r t i o n  of  s r a c e  a c t i v i t y  n e c e s s a r i l y  i n v o l v e s  
suppor t  a c t i v i t i e s  on t h e  e a r t h ' s  s u r f a c e ,  i n t e r f e r e n c e  w i t h  
t h o s e  a l s o  g i v e s  r i s e  t o  t h e  c o n s u l t a t i v e  o b l i g a t i o n  o f  
A r t i c l e  IX. 60 F u r t h e r ,  i n t e r f e r e n c e  can  o n l y  o c c u r  w i t h  r e s p e c t  
t o  a c t i v i t i e s  which c o n s t i t u t e  "peace fu l  u s e s  o f  o u t e r  s p a c e .  6 1 
Presumably,  t h e  term " i n t e r f e r e n c e 1 '  i s  used  i n  i t s  o r d i n a r y  
meaning t o  s i g n i f y  c o n f l i c t i n g  u s e s  r e s u l t i n g  i n  o b s t r u c t i o n ,  
c r e a t i o n  of  s i g n i f i c a n t  h a z a r d s  o r  s i g n i f i c a n t l y  d i m i n i s h i n g  
t.he e f f i c i e x )  or' space  a c t i v i t i e s .  
The  c h a r a c t e r i s t i c s  o f  " a p p r o p r i a t e  i n t e r n a t i o n a l  c o n s u l -  
t a t i o n s "  a r e  l e f t  unde f ined .  From t h e  c o n t e x t ,  t h e  t e rm 
 consultation" r e f e r s  t o  t h e  j o i n t  examina t ion  - -  i n c l u d i n g  
t h e  exchange 3f r e l e v a n t  i n f o l m a t i o n  - -  of  t h e  proposed 
a c t i v i t i e s  and t h e  probable  consequences  f o r  each  c o r s u l t i n g  
p a r t y ' s  i n t e r e s t s .  6 2  Sinco  t h e  term " c o n s u l t a t i o n "  was 
s e l e c t e d  by t h e  d r a f t e r s  of A r t i c l e  IX, t h e  p a r t i e s  a r e  o b l i g e d  
on ly  t o  make 3 good f a i t h  e f f o r t  t o  conduct  t h e  j o i n t  examina t ion  
w i t h  a  view t o  r e a c h i n g  s a t i s f a c t o r y  r e s o l u t i o n  o f  c o n f l i c t s  
a m n g  t h e  c o n s u l t i n g  s t a t e s .  However, A r t i c l e  IX imposes no 
o b l i g a t i o n  t o  a c h i e v e  r econc i l i : . t i on .  6 3  Although t h e  form o r  
forum of consultation is not significant, the consultation must 
involve either diplomatic or scientific elements of the affected 
I 
governments. As emphasized by the use of the word "interna- 
tional," the duty to consult is primarily bilateral in nature 
although consultation under the auspices of an intergovernmental 
organization is not precluded. " The suggestion that Article IX 
consultation must include all parties to the Outer Space Treaty 
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cannot be supported. 
Thus, Article IX would require operators of space indus- 
trial facilities to conduct their activities  wit!^ due regard 
at least to the space activities of other states. Although 
that rcquirenlent is likely to affect most directly the use of 
tne geostationary orbit, it imposes a duty to remain alert to 
the possibility of adversely affecting the spacc interests of 
other states. In thosc cases where adverse consequences are 
likely, the operator is required to consult in good faith with 
the affected partics, with a view to the elimination of those 
consequences. Ilowever, the Article IX duty to cnter into 
appropriate consultations does not impose an obligation to 
accept unnecessary restrictions on the operation of industrial 
f:j-cilities in spacc. Noncthclcss, participation in such 
consultatio~s by thc governl~lent of the state wllosc nationals 
are conducting the space opcrations in question mus; bc antici- 
pated. Sucn participation is likely to limit the flexibility 
of space industrialists in their consultations, by applying 
pressure based on national foreign policy interests. 
I I. CONVENTION ON IN?ERNP.TIOIIAL LIABILITY FOR DAMAGE CAlJSED 
BY SPACE OBJI4CTS 
Article VII of the 1967 Outer Space Treaty established 
a basis for the imposition of liability for damage or injury 
caused by a space object. However, due to the general nature 
of its provisions, Article VII did not.create specific principles 
directly app1ical)lc to damage actually resulting from space 
activity. In an crfort to formulate appropriate principles, 
the Committee on the Peaceful Uses of Outer Space (CPUOS) 
stepped up its consideration u f  questions of liability. As a 
result, a draft convention was submitted to rhe General 
Assembly and adopted on November 29, 19i1, in Resolution 
1 2777 (XXVI). The convention cntered into force for the United 
States on October 9 ,  1 9 7 3 . ~  In its present form, the convention 
contains six main sections: 
1. Articles I-VlI cstablish the fundamental principles 
of liability and scope of coverage; 
2. A r t i c l c s  VIII-SX set forth guidelines for presentation 
and prosecution of claims; 
3. Article XXI provides for special assistance in the 
case of damade on a massive scale; 
4. Article XXII generally applies the rules of liability 
to international intcrgovcrnmental organizations; 
5. Article XXII' limits the convention's impact on other 
international agreements; alld 
6. Articles XXIV-XXVIII establish the procedures for 
signature, amendment and entry into force of the 
Convention. 
A .  Articles I-VII 
Articlc I contributes to the delimitation of the scope 
of the convention, through its definitions of "damage" and 
"launching state." Article I(a) defines "damage" t3 mean 
loss of life, personal injury or other impairment 
of health; or loss of or damage to property of States 
or of persons, natural or juridical, or property of 
international intergovernn~ental organizations . . . . 
Although undoubtedly covering damage directly resulting from 
launch or operation of a space object, that language leaves 
open the question whether the delinition covers consequential or 
non-physical Since many of the potential damage categories 
associatcd with space industrialization ' arc either consequen- 
tial or non-physical in nature, the ambiguity is significant 
for entities potentially involved in space activities. A 
survey of relevant authority suggests that the range of damage 
categories intended to be covered is relatively broad.5 
Consequently, impairment of mentpl and social well-being are 
likely to be coverede6 Loss of consortium, other forins of 
"moral" damage, as well a:; forms of non-physical damage, 
including electronic interference are probably not covered. 7 
The second element of Article I \chich contributes to t h e  
definition of the convention's scope is Paragraph (c) which 
defines the term "launching State" to mean: 
( j  I 11 S t 3  t c  wlr i ch  l a u n c h e s  o r  p r o c u r e s  t h e  
l a u n c h i n g  o f  a s p a c e  o b j e c t :  
( i i )  A S t a t e  from whose t e r r i t o r y  o r  f a c i l i t y  
a  s p a c e  o b j e c t  i s  l a u n c h e d  . . . . 
T h i s  d e f i n i t i o n  i s  s i g n i f i c a n t ,  s i n c c  t h e  l i a b i l i t y  described 
i n  s u b s e q u e n t  a r t i c l e s  i s  imposed on t h e  " l a u n c h i n g  S t a t e . "  
The c o n t e n t  o f  A r t i c l e  I ( c )  i s  b a s e d  on A r t i c l e  VI I  o f  t h e  
O u t e r  S p a c e  'ISrc.3ty and i s  c o n s  i s t e n t  t h c r c w i  t h .  11s t l i s c u s s c d  
i n  g r e a t e r  d e t a i l  be low,8  t h e  p o s s i b i l i t y  t h a t  l i a b i l i t y  c o u l d  
b e  imposed on t h r e e  s e p a r a t e  governinents  f o r  damage c a u s e d  by a 
9 
s p a c e  o b j e c t  r a i s e s  p r o c e d u r a l  c o m p l i c a t i o n s  which must  b e  a n t i p a t e d .  
Anothe r  a m b i g u i t y  i s  c r e a t e d  by t h e  d c f i n i t i o n  i n  A r t i c l c  I ( d )  
o f  t h e  t e r m  " s p a c c  o b j e c t , "  which  p r o v i d e s :  
( d )  The t e rm " s p a c c  o b j e c t "  i n c l u d e s  component 
p a r t s  o f  a s p a c e  o b j e c t  a s  w e l l  3s i t s  l a u n c h  v e h i c l e  
and p a r t s  t h c r o f .  
~ 1 , t h o u g h  by i t s  t e r m s ,  A r t i c l e  I ( d )  c l c a r l y  c o v e r s  a  l a u n c h  
v e h i c l e  and e a c h  o f  i t s  c o l ; ~ ~ ) o n c n t s ,  a s  w e l l  a s  n " s p a c e  o b j e c t "  
and i t s  componenrs ,  t h e  l a n g u a g e  d o e s  n o t  p r o v i d e  c l e a r  
g u i d a n c e  r e g a r d i n g  t h e  n a t u r e  of  a  " s p a c e  o b j e c t . "  7 '  t e r m  
i s  used  i n  t h e  O u t e r  Space  T r c a t y  t o  d e s c r i b e  o b j e c l  - , , I . .  ,chec! 
i n t o  o u t e r  s p a c e  ( A r t i c l e s  V I I  and VIII), o b j e c t s  i n  3 i +  
a r o u n d  t h c  e a r t h  ( A r t i c l c  IV) o r  o b j e c t s  which a r e  sirn,,ls 
lziunched ( A r t i c l e  X )  .lo N a t u r a l  o b j e c t s  s u c h  a s  a s  t r r u i i  
a r e  p r o b a b l y  o . c l u d c d  u n l e s s  some means o f  i n d e p c n d c n t  pr  ~ i ~ u l s  i o n  
were constructed on i t .  l1 S i m i l a r l y ,  a  q u c s t i o n  may h e  r a i s e d  
r e g a r d i n g  t h e  s t a t u s  o f  o b j e c t s  which a r e  ~ a n u f a c t u r e ~ d  o r  
a s sembled  i l l  o r b i t  . 
Other limits cn the applicability of the convention arc 
contained in Article VII, which excludes fr: 01 coverage: 
(a) Nationals of [the] launching State; 
(b) Foreign nationals during such time as they 
are participating in the operation of [a] space 
objcct from the time of its launching or at any 
stage chereafter until its descent, or during such 
time as they are in the immediate vicinity of a 
planne.1 launching or recovery area as the result of 
an invi:ation by that l d u n c l , j ~ g  State. 
As a result, nationals of thc launchigg state are limited 
to the judicial or administrative remedies provided by the 
law of the launching statc. Presurnnbly foreign nationals 
participating in the launch, ope-atiofi and recovery of a 
space object would be limited KO the same remedies. 
Once it is ascertained, first, that the injury sustained 
falls within the scope of the term "dac~age" and resulted from 
the. operation of a "space object" as those terms are defi!~cd 
in Article I ,  the ccnvention imposes liability upon the 
"launching State." The nature of the liability depends upon 
the location at which the damage occurred. Thus, if a spacc 
object causes damage on the surface of the earth or to an 
aircraft in flight, Article X I  provides that t11c "launching 
State shall be absolutely li; i ; > l ~  to pay cornpensation" for the 
damage. In tlia~ case no proof of negligence is required and 
the launchins statc is liable even though it is able to demon- 
strate that it complied with all applicable scandards of care. 1 L 
Thus, if industrial activitizs in space result in injuries or 
damage ts property on the earth's surface or w i  :lc travelling 
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in an aircraft, the launching state would be liable to pay 
ccr.pnsation upon demonstration 
1. that the injury occurred; and 
2. that it resulted from the oper>ition of space 
industrial facilities. 13 
The rationale for absolute liability is, first, that space 
acitivity is "ultrahazardous," and necessarily involves a 
risk of serious harm wh5ch cannot be eliminated by the exercise 
of utmost carc,14 and second, that :he ability of a claimant 
state to demonstrate ~itult on the part of a l a u ~ c h i ~ ~  is likely 
to be relatively limited.'" 
A possible weakness in the prctection granted by Article 11 
is based on the contention that it appears to not c3ver damagc 
in airspace which does not affect aircraft in flight. l6  This 
omission is partially remedied by the likelihood that damage 
in the earth's atmosphcre will rcsult in injuries oii thc 
earth's s~rface which would constitute "damagc" as tkit term 
is used in the Liability Cgnventim. flowever, liability may 
be avoided by establishing that "thc damage has resulted 
either wholly or parti~lly from grass negligence or from an 
act of omission done with intent td cause damagc on the part 
of the claimant State or ? C  natural or juridical persons it 
-epresents," as providcd in Article VI(1). in contrast, i f  
damage is suffered in outer space, the launching state is 
liable for compensation to t h e  injured party under the torsls of 
Article I 1 1  only upon a demonstration of fault of the launching 
state or of persons for whom it is liable. l7 The rationale 
for differing treatment is based on the contention that the 
absolute liability imposed under Article I1 would be inappro- 
priate for collisions between space objects, since the operator 
of the more costly object would collect the difference 
between :,le values of the space objects, even if the collision 
w r e  caused completely or preponderantly by the acts of the 
more costly space object. l8 However, as a practical matter, 
the difficulty of demonstrating fault is likely to mean that 
in the event of damage to space objects, each party is likely 
to bear its own loss except in exceptional cases. l9 For both 
Articles 11 and 111, the measure of damages is determined 
under Article XI1 which provides that when compensation is 
granted under the convention, the amount 
shall be determined in accordance with international 
law and the principles of justice and equity in order 
to provide such reparation . . . as will restore the 
person, natural or juridical, State or international 
organization on whose behalf the claim is presented 
to the condition which could have existed if the 
damage had not occurred. 
Articles IV, V and VI introduce refinements of the general 
framework established in Articles I1 and 111. Under Article IV(l), 
if damage is caused somewhere other than on the surface of the 
earth to the citizens of.one state or their property as the 
result of the activities of a second state, and that interaction 
results in injury to the citizens or property of a third state, 
the first two are jointly and severally liable to the third 
state. If under Subparagraphs (a) and (b), the damage to the 
third state occurs on the surface of the earth or to aircraft 
in flight, the liability is absolute; however, if damage is 
sustained by 'the third rtate's space objects to passengers or 
property on board, liability is based on fault. Paragraph 2 
of Article IV apportions the liability between the first two 
states according to the extent to which each was at fault. 
If no comparative fault can be established, the liability 
is divided equally. Nonetheless, Article IV(2) expressly 
preserves the right of the third state to seek the entire 
compensation from any of the states which are jointly or 
severally liable. 
Article V defines liability in cases in which two or more 
states jointly launch a space object. Under paragraph 1, 
all participating states are jointly and severally liable. 
After a state has paid compensation for damage caused by a 
jointly launched space object, it is entitled to seek compen- 
sation from other participants in the joint launching. The 
extent of each participant's liabiiity may be determined by 
agreements among the participants, but such agreements do not 
prejudice the right of the state whose nationals have sustained 
damages to sczk the full compensation from any or all of the 
launching states,. Paragraph 3 includes among the participants 
the states fron whc'se territory or facility a space object is 
launched. The languago of Article V provides little guidance 
with respect to the definition of a joint launching. For 
example, the question may be raised whether a state is a 
participant or a joint launching state if: 
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1. it is responsible for a relatively minor experiment 
package on board the space object; 
2. its nationals manufacture or supply a minor component 
part; or 
3 .  it is represented at launch by a technical observer.Z0 
Finally, Article VI exonerates a launching state from 
absolute liability if it can establish that the damage resulted 
either wholly or partially from gross negligence or from an 
act or omission done with intent to cause damage which may 
be ascribed to the claimant state or to the natural or juridical 
persons which it represents. Ilowever, Paragraph 2 prevents 
exoneration where the damage resulted from activities of the 
launching state which were not conducted in accordance with 
the applicable principles of international law, especially 
the United Nations Charter and the Outer Space Treaty. 
Two main problems of construction are raised by the terms 
of Article VI. First, the meaning of "gross negligence" is 
left undefined and is subject to dispute. Second, the question 
may be raised whether exoneration from absolute liability under 
Article VI(1) relieves the launching state from all liability. 
Some contend that Article VT(1) should be construed to relieve 
liability only to the extent that the conduct of the nationals of 
the claimant state caused the damage in question. 21 
B. Articles VIII - X X  
Articles VIII through XX of the Liability Convention 
establish procedural guidelines for the presentation and 
prosecution of claims. Article V I I I  identifies the states 
which are entitled to advance claims. Paragraph 1 authorizes 
the state which has actually sustained damage or whose nationals 
have suffered personal injury or property damage to present a 
claim for compensation. However, under Paragraph 3 if the 
state of nationality has not presented a claim, the state in 
whose territory the damage occurred may demand compensation, 
regardless of the nationality of the entity actually sustaining 
damage. I f  neither of the First two governments has sponsored or 
stated its intention to sponsor a claim, any state may present a 
demand for compensation for damage actually suffered by any of 
its permanent residents. 
Article V I I I  has the effect of expanding the traditional 
rule that only the state of nationality is authorized to 
present a clain: for damages. Z 2  However, the number of authorized 
claimants presents three main problems. First, Article V I I I  
does not define the period of time within which the state of 
nationality or the state within whose territory the damage 
occurred must act to preserve its right. Second, Article V I I I ( 2 )  
does not require the latter to ascertain whether the state of 
nationality intends to present a claim.23 Finally, the tcxt 
of this article does not solve the question of authorized 
. representation if undcr Paragraphs 2 or 3 a claim is properly 
presented and the state of nationality presents a subsequent 
claim. This question is particularly important to space 
 industrialist^,, in light of the general rule that a state 
presenting an international claim is not obligated to pay any 
compensation to the party actually injured. 24 1f the state 
of nationality were permitted to recover compensation from the 
launching state, the injured party could reasonably expect 
that political and economic considerations would motivate the 
state of nationality to convey all or part of the compensation 
to its injured nationals. However, if the state in whose 
territory the injury actually occurred recovers, the injured 
party would have a diminished prospect of recovery, since it 
would possess a limited ability to exert effective political 
pressure. This concern is diniinished somewhat by the terms of 
Article XI(2) which permits the injured party to seek redress 
in the courts or administrative tribunals of the launching state. 
Article IX places the claims procedure on a diplomatic 
basis, subject to the provision for judicial or administrative 
reli'cf contained in Article XI(2). Time limits for the pre- 
sentation of claims are establiqhed in Article X which has 
the effect of establishing a one-year 'atute of limitation 
measured from the date of occurrence or the date of identifi- 
cation of the launching state, or the date on which the 
claimant state could reasonably be expected to have discovered 
those facts through the exercise of due diligence. However, 
in cases in which the full extent of the damage is cot 
immediately determinable, the claimant state is entitled to 
revise the claim and submit additional documentation until 
one year after the full extent of the damage is known. 
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A r t i c l e  X I ( 1 )  i n t r o d u c e s  an i n n o v a t i o n  i n t o  t h e  p r a c t i c e  
o f  s t a t e s  r e g a r d i n g  i n t e r n a t i o n a l  c l a i m s .  T r a d i t i o n a l  r u l e s  
r e q u i r e  t h e  c l a i m a n t  t o  e x h a u s t  a v a i l a b l e  l o c a l  r e m e d i e s  p r i o r  
t o  t h e  p r e s e n t a t i o n  o f  t h e  c l a i m  t h r o u g h  d i p l o m a t i c  ~ h a n n e l s . ~ s  
However, f o r  t h e  t y p e s  of  i n j u r i e s  c o v e r e d  by t h e  c o n v e n t i o n ,  
A r t i c l e  X I ( 1 )  e x p r e s s l y  n u l l i f i e s  t h e  t r a d i t i o n a l  r u l e  w i t h  
r e s p e c t  t o  l o c a l  r e n ~ c d i e s  a v a i l a b l e  c i t h c r  t o  t h e  c l a i m a n t  
s t a t e  o r  t o  t h e  n a t u r a l  o r  j u r i d i c a l  e n t i t i e s  r e p r e s e n t e d  by 
t h e  s t a t e  u n d e r  a u t h o r i t y  g r a ~ t c d  by A r t i c l e  V I I I .  
A s  n o t e d  a b o v e ,  as a n  a l t e r n a t i v e  t o  d i p l o m a t i c  c l a i m s  
p r o c c d u r e s ,  A r t i c l e  X I ( 2 )  p r e s e r v e s  t h e  r i g h t  o f  a s t a t e  o r  
t h e  n a t u r a l  o r  j u r i d i c a l  p e r s o n s  i t  r e p r e s e n t s  t o  p u r s u e  
a d m i n i s t r a t i v e  o r  j u d i c i a l  r e m e d i e s  a v a i l a b l e  u n d e r  t h e  law 
o f  t h e  l a u n c h i n g  s t a t e .  T h u s ,  P a r a g r a p h  2  e n a b l e s  t h e  i n j u r e d  
p a r t y  t o  p r o c e e d  d i r e c t l y  a g a i n s t  t h e  p a r t y  d i r e c t l y  r e s p o n s i b l e  
f o r  t h e  i n j u r y ,  p o t e n t i a l l y  i n c l u d i n g  p a r t s  m a n u f a c t u r e r s  and  
s y s t e m  o p e r a t o r s .  Depending on t h e  law o f  t h e  l a u n c h i n g  s t a t e ,  
r e l i e f  may a l s o  be a v a i l a b l c  a g a i n s t  t h e  government  o f  t h e  
l a u n c h i n g  s t a t e .  Ilowever, r e c o v e r y  u n d e r  t h i s  d i r e c t  a p p r o a c h  
i s  l i k e l y  t o  be  l i m i t e d ,  f i r s t ,  t o  t h e  damage ; i c t u a l l y  c a u s e d  
by government  o f f i c e r s  and e m p l o y e e s ,  and s e c o n d ,  by t h e  
p rob lems  i n h e r e n t  i n  j u d i c i a l  and  a d m i n i s t r a t i v e  a c t i o n s  
be tween s o v e r e i g n  and non-sovereign p a r t i e s .  . 
A s e c o n d  problem posed  by A r t i c l e  X I ( 2 )  i s  t h a t  a s  a  
p r a c t i c a l  m a t t e r  t h e  d e c i s i o n  t o  p u r s u e  a remedy u n d e r  P a r a g r a p h  
i s  l i k e l y  t o  amount t o  w a i v e r  o f  a  c l a i m  t h r o u g h  d i p l o m a t i c  
channels, since the second sentence of Paragraph 2 denies a 
claimant state the right to present through diplomatic channels 
a demand for compensation which relates to the same damage 
or injury which serves as the basis for judicial or administra- 
tive action under the law of the launching state. That 
provision raises two questions. The prohibition on simultaneous 
pursuit of parallel remedies combined with the consideration 
that the time norn~ally required to litigate a substantial claim 
is likely to exceed one year would probably prevent presentation 
of a subsequent claim through diplomatic channels. IIence, if 
the statute of limitations for judicial or administrative 
actions exceeds one year, the injured party should consider 
delaying initiation of such actions pendjng determination of 
diplomatic claims. The latter possibility raises the questions, 
first, whether the judicial or administrative claim would be 
barred by res judicata or related principles, and second, 
whether the time limit for presentation of a claim established 
in Article X applies to judicial and administrative actions 
as well as to diplomatic claims. Although the language of 
Article X does not directly apswer the latter question, the 
choice of words and Article X ' s  relationship to Articles V I I I  
and IX suggests that its impact is limited to diplimatic 
claims. 
The measure of co:npensation to be paid to the claimant 
state is to be determined under Article X I 1  
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in accordance with international law and the principles 
of justice and equity in order to provide such 
reparation . . . as will restore the person, natural 
or juridical, State or international organization 
on whose behalf the claim is presented to the condition 
which could have existed if the damage had not 
occurred. 
From the perspective of space industrialists, the standard 
is unsatisfactory, due to its vagueness. Particularly problematic 
is the question of availability of interest from the time the 
damage occurred, lost profits an3 the costs of pursuing the 
claim. Article XI1 is supplemcnted by Article XI11 which 
requires the launching state to pay any compensation due in 
the currency of the claimant state, unless the latter requests 
payment in the currency of the launching state, or unless the 
two states agrce on somc other form of compensation. 
Articles XIV-XX provide for the establishment of a claims 
commission to settle claims which are presented but are not 
resolved through diplomatic procedures. In general these 
procedures do not directly affect the interests of entities 
contempl~ting industrialization of outer space. Nonetheless, 
three provisions should be noted. First, Article XIV requires 
the claimant and launching states to form a claims commission 
if n claim prcscnted through diplomatic channels in accordance 
with thc provisions of Article 1X is not resolved within one 
year from the date thc claim is prescntcrl. Second, the claims 
commission is al~thorized under Article XVIII to determine the 
merits of the claimant to fix the amount of compensation, if 
any, to be paid. Fina,lly, Article X I X ( 2 )  provides: 
The decision of the Commission shall be final 
and binding if the parties have so agreed: otherwise 
the Commission shall render a final and recommendatory 
award, which the partics shall consider in good 
faith. The Commission shall state the reasons fcr 
its decision or award. 
The fact that decisions of thp commission are binding only 
if the states forming the commission so agree further weakens 
the protections offered by thc convention to potential space 
entrepreneurs. 
111. INTERNATIONAL TELECOb!MUNICATION CONVENTION E V D  ITU 
RADIO REGULATIONS 
The third major international instrument which is likcly 
to influencc industrial development in outer spacc is the 
International Tclecommunication convcntionl and the Radio 
Regulations promulgated by thc International Tclecommunication 
Union (ITU) under authoritv granted in the convention. The 
principlcs cmbodied in thc Convention and the Radio Regulations 
are likely to be most important for space industrial installa- 
tions which rcquirc utilization of the geostationary orbit. 2 
As suggested above,I Articles I, I1 and IX of the Outer 
Space Treaty establish gcneral principlcs governing the utiliza- 
tion of the geostationary orbit for all purposes, including 
spacc industrialization. Howcver, to date, i.qternationa1 debate 
regarding the practical application of those provisions to the 
task of managing thc geostationary orbit has occurrcd primarily 
at the World Adqinistrative Radio Conferences convened by the 
International Telecommunication Union for the purposc of 
regulating global tclecc~munications activity and accommodating 
conflicting uses of thc electromagnetic spectrum. During thc 
past fiftecn ycars thc ITu has also developed an interest in 
the rnanagemcnt of thc gcostationary orbit. 
That interest is based both on the special characteristics 
of the orbit which make it particularly valuable for communica- 
tions satellite applications and on the character of the geo- 
stationary orbit as a limited natural resource. Some experts 
a r g u e  t h a t  i f  mutual  i n t e r f e r e n c e  i s  t o  be avo ided ,  t h e  number 
o f  s a t e l l i t e s  i n  g e o s t a t i o n a r y  o r b i t  must be l i m i t e d  t o  180.  4 
O t h e r s  contend  t h a t  t h e  s p a c i n g  o f  s a t e l l i t e s  c o u l d  b c  d i m i n i ~ l - t  : 
l e a v i n g  o n l y  t h e  n e c e s s a r y  s a f e t y  margin t o  e n s u r e  avoidance  
o f  c o l l i s i o n ,  w i t h  t h e  r e s u l t  t h a t  t h e  c a p a c i t y  o f  t h e  o r b i t  
5 c o u l d  be i n c r e a s e d  t o  n e a r l y  1800 s a t e l l i t e s .  Ilowever, i n  
o r d e r  t o  e n s u r e  avoidance  o f  mutual  i n t e r f e r e n c e  under  t h e  
p r e s e n t  s t a t e  o f  communications s a t e l l i t e  t e chno logy ,  t h c  
. s p a c i n g  must be  i n c r e a s e d  beyond t h e  minimum n e c e s s a r y  t o  p r e v e n t  
c o l l i s i o n .  Thus,  a l t h o u g h  t h e  maximum c a p a c i t y  i s  dependent  on 
a  number of t e c h n i c a l  v a r i a b l e s ,  i n c l u d i n g  f r equency  s t a g g e r i n g ,  
s i g n a l  p o l a r i z a t i o n ,  s i g n a l  f o r m a t ,  l o c a t i o n  of  e a r t h  s t a t i o n s ,  
and t r a n s m i s s i o n  power, and hence cannot  be  p r e c i s e l y  c a l c u l a t e d ,  
t h e  g e o s t a t i o n a r y  o r b i t  must be  c o n s i d e r e d  a  l i m i t e d  r e s o u r c e .  6 
The 1959 ITU Radio Regu la t i ons  which govern t h e  u s e  o f  
t h e  e l e c t r o m a g n e t i c  spec t rum have been p e r i o d i c a l l y  r e v i s e d  t o  
respond t o  developments  i n  s a t e l l i t e  communications.  In  1963 
t h e  ITU convened t h e  E x t r a o r d i n a r y  A d m i n i s t r a t i v e  Radio Confe r -  
ence  i n  Geneva t o  a l l o c a t e  f r e q u e n c i e s  f o r  u s e  by s a t e l l i t e s .  
Although t h e  Radio R e g u l a t i o n s  were p a r t i ~ l l y  r e v ' r e d , '  t h e  
c o n f e r e n c e  d i d  n o t  a l t e r  t h e  h i s t o r i c a l  p r a c 2 i c e  o f  p e r m i t t i n g  
i n d i v i d u a l  s t a t e s  t o  a s s i g n  t r a n s m i s s i o : ~  f r e q u e n c i e s  u n i l a t e r -  
a l l y . '  Thus,  t h e  t r a d i t i o n a l  " f i r s :  come, f i r s t  s c r - ~ e d "  
approach  was ex tended  i n t o  t h e  r ~ , a l m  of  s a t e l l i t e  communication 
where i t  a p p l i e s  b o t h  t o  t h e  a l l o c a t i o n  f r e q u e n c i e s  and t o  
o c c u p a t i o n  o f  o r b i t a l  "park ing  s l o t s "  by communications 
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satellites. Since that approach giver an ob. ,us advantage 
to thase technologically advanced states which are presently 
capable of establishing geostationary satellite systems, less 
developed states began to exert pressure to preserve future 
interests in use of the orbit against saturation by more developed 
countries. 10 
During the following eight years, utilization of the orbit 
grew dramatically, causing increased concern among non-space 
powers. Against this background, the ITU convened xhe 1971 
World Administrative Radio Conference for Spacc Telecommuni- 
cations (NARC-ST) in Geneva. In opposition to proposals that 
the ITU should allocate not only frequencies but orbital slots 
as well, thc United Statcs argue:! that regulation of the orbit 
would inhibit its Jcvclopmcnt as a natural resource. 11 The 
strength of thc opposition and other complications rcsultcd in 
the gcncral yrescrvation of thc status quo. 12 Noncthclcss, 
some progress was made toward the accommodation of the conflictin$ 
interests of siates at various stages of cconomic and tesh-  
nolagical Jevelopmcnt. Articlc 9A of thc Radio Regulations 
was revised to establish a mechanism for coordinating use of 
13 
thc gcostat imary orbit. Section I requircs a government 
which intends to establish a satellite system to convey to 
the International Frequency Rcgistrntion board (IFRB), thc 
cntity responsible for management of the international use of 
14 
the electromagnetic spectrum, within five years prior to 
commencement of service, information defined in Appendix 1B 
of thc Radio Regulations relating to tlrc characteristics of 
t h c  sys tcm's  ~ i ~ t ~ l l i t c s  and cclrth s t i l t  ions ,  includjrig o r b i t a l  
i n fo rma t i an .  In p a r t i c u l a r  wi th  r c s p c c t  t o  g c o s t a t i o n a r y  
s a t c l l i t c s ,  ~ c c ' t i o n  I 1  rcqr l i rcs  any governmcnt c o n s i d e r i n g  t h e  
use  of t h e  o r b i t  t o  c o o r d i n a t e  t h e  planned use - -  p r i o r  t o  n o t i f i -  
c a t i o n  of t h c  I F R B  undcr S e c t i o n  I on commcnccmcnt of s e r v i c e  - -  
with  any o t h c r  governmcnt which ~ : I S  r c g i s t c r c d  an assignment 
i n  t h c  s,inic band wi th  tlic TFRD o r  which i s  crlg;lgcd in o r  Iias 
complctcd coord inn t  ion p ~ . o c c d u r . ~ s  irt~clcl- t h i s  s c ~ :  t i on. '1'0 
f a c i l i t a t e  c o o r d i n a t i o n  t h c  formcr i s  t o  supply t h e  in format ion  
d c f i n c d  in Appcndix 1 A  of t h c  Rcguln t ions .  Thc purposc of 
t h i s  coord ina t ion  proccdurc is t o  promotc r c s o l u t i o n  of p o t c n t i a l  
' c o n f l i c t s  p r i o r  t o  colnncnccmcnt of system c o n s t .  , c t  ion .  
Another clcmcnt of t h e  e f f o r t  of d c l e g a t c s  t o  t h c  NARC-ST 
confcrcncc  t o  r c s o l v c  c o n f l  i r t s  r c g t l r d i n ~  mann,n,cnicnt of t h c  
o r b i t  i s  cmbodicd i n  Resolution Spa 2 -1 ,  wjlich r c f l e c t c d  t h c  
concern of non- spacc powcrs regarding t h c  n;lnagcmcnt of t h c  
o r b i t .  In p a r t  t h e  r c s o l u t i o n  provides: 
Thc Ivurlrl I d m i n i s t r a t i v c  R;~clio Confcrcncc f o r  
Spacn Tclccommunications (Gcncvn, 1371) , 
C O ~ . ~ ? ~ I C  t a i ~ i g  
t h a t  a l l  c o u n t r i e s  havc equal r i g h t s  in  t h c  usc 
of both tlic r a d i o  f r c q u c n c i c s  n l l o c a t c d  t o  v a r i o u s  
spacc r:~c! i oc-omrnunicat ion s c r v i c c s  anJ t h c  g c ~ s t a t  ionary  
s a t c l l i t c  o r b i t  f o r  t h c s c  s c r v i c c s ;  
t u k i n ! r  i n t , o  ~ r ~ * r * o u n t  
t l i ; ~ t  rhc rittl io  f rcqucncy S ~ C C  tr!Im ;i11~1 tlic gco-  
s t : ~ t  ion;ll-!- s a t e l l  i t c  o r l ~ i t  a r c  l imi tvd ~ i ; ! r u r ; ~  1 I - C O I I ~ ~ C S  
and should I)c most c l f c c  t  i v c l  y ;IIIJ C C O I I O I I I I ~ - ~ ~  1y IISC(I; 
A , l v  i v ; ~  i l l  rnit ld 
t h a t  tfle use  of tlic a  1 l oca tcd  frccjircncy hands 
and f ixcd  p o s i t i o n s  i n  t h c  g c o s t a t i o n a r y  s a t c l l i t c  
o r b i t  by i n d i v i d u a l  c o u n t r i c s  o r  groups of c o u n t r i c s  
can s t a r t  a t  va r ious  d a t e s  dcpcnd ing on r cq~r i r cmcn t s  
and r e a d i n e s s  o f  technical f a c i l i t i e s  of c o t l z t r i c s ;  
peso Zves 
1. that the rcgistration with the ITU oC frequency 
assignnents for spat? rsdiocommunication services and 
thcir use should not provide any pcrmancnt priority 
Zor any.individua1 country or groups of countries ;;-.A 
should not create an obstacle to the cstablishmcnt of 
space systems by other countries . . . . 
The linkage between the revised version of Article 9A and 
Resolution Spa 2-1 is embodied in Resolution Spa 2-2 which 
reiterated the importance of achieving the best possible use 
of the geostationary orbit and the frequency bands assigned to 
the broadcasting satellite service, and which called upan 
participating governments to establish and operate satellite 
h; adcasting systems in accordance with plans established by 
general and regional conferences in which affected states are 
entitled to participate. l5 Although not binding on the parties 
to the International Telecommunication convention,16 the 
resolutions expressed a broadening consensus among participating 
&legations and emphasized the fact that the Radio  reg^-ation 
does not provide permanent protection to spectrum and orbital 
assignments f ~ r  space broadcasting services. 17 However, the 
resoiutions did not allay the concern of non-space powers that 
present spacj activities will saturate the most desirable 
segments of the orbital arc. 
The third phase of t h e  I T l l l s  consideration of the problcm 
of allocating the geostntionzry orbit among potentially con- 
flicting uses occurred at the Plenipotentiary Conference of the 
ITU which was held in September and October 1973 in Torremolinos, 
The basic purpose of the conference was to evaluate and, if 
necessary, revise the ITUts fundamental structure and func t ions. 
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In a d d i t i o n ,  t l ~ c  q u c s t i o n  o f  o r b i t a l  s l o t  a l l o c a t i o n  was i n c l u d e d  
i n  the ngcnda. 1 8  I n  t hi1 t c o n t e x t  t h c  I s r a e l  i d c l c g i ~ t  ion proposed 
t o  modify  t h e  I n t e r n a t i o n a l  Te lecommunica t ion  C o n v e n t i o n  t o  
a u t h o r i z e  ITU a l l o c a t i o n  of  b o t h  t h e  f r e q u e n c y  s p e c t r u m  and  
g e o s t a t i o n a r y  o r b i t a l  s l o t s  a s  a  means o f  e n s u r i n g  e q u i t a b l e  
a c c e s s  by a l l  p a r t i e s .  A l t h o u g h  t h e  I s r a e l i  p r o p o s a l  
d i d  n o t  r e c e i v e  t h e  s u p p o r t  r e q u i r e d  f o r  a d o p t i o n ,  t h e  
P l c n  i p o t c n t  i :11- \ '  C n u f c r c n c c  nn~cndcd t h r  1 i s t  i n s  o r  t h c  J u t  i cs  
t o  hc  pe r fo rmed  by t h c  IFRB c o n t a i n e d  i n  Article 1 0  of:  t h c  
Convcn t ion  t o  add r e l a t i v e l y  u n d c f i n c d  r c s p o n s i b i l i t i c s  r c l a t i n g  
t o  t h e  geostationary o r b i t .  I n  r e v i s e d  form A r t i c l e  l O ( 3 )  p r o v i d e s :  
1 l'hc c s s c n t i a l  d u t i e s  o f  t h e  I n t c r n a t i n n a l  
Frcqucncy H c g i s t r n t i o n  Hoard s h a l l  be :  
a )  t o  e f f c c t  an o r d c r l y  r e c o r d i n g  of  f r c q u c n c y  
a s s i g n m c n t s  madc by t h c  d i f f c r c n t  c o u n t r i c s  s o  a s  t o  
e s t a b l i s h ,  i n  a c c o r d a n c c  w i t h  t h e  p r o c e d u r e  p r o v i d c d  
f o r  i n  t h c  Radio  R c y ~ l l a t i o n s  and i n  a c c o r d a n c c  w i t h  
,any d e c i s i o n  which may b c  t a k c n  by c!,mpctcnt conferences 
o f  t h e  Union,  t h c  d a t c ,  p u r p o s c  and t e c h n i c a l  c h a r a c -  
t e r i s t i c s  of  e a c h  o f  t h c s e  a s s i ~ n l n c n t s ,  w i t h  a  v iew 
t o  c n s u r  in!! f o r m a l  i n t P r n : l t  ion; l l  r c c o g n i t  i o n  t h e r e o f .  
; la) t o  c f f c c t ,  i n  t h c  - samc c o n d i t i o n s  ant1 
f o r  tlrc same p u r p o s c ,  an  o r d e r l y  r c c o r d i n g  of t h e  
p o s i t i o n s  a s s i g n c d  b y  c o u n t r i c ~  t o  g c o s t a t i o n n r v  -- - - 
s a t e 1  l i t c s ;  
b i  t o  I u r n i s h  a d v i c c  t o  Membcrs w i t h  a  view t o  
t h c  o i i r a t i o n  o f  t h e  maximum p r a c t i c a b l e  number o f  
r a d i o ~ c l ~ a n n c l s  i n  t h o s e  p o r t i o n s  o f  thc s p c c t r u m  whcrc  
ha rmfu l  i n t c r f c r e n c e  may o c c u r ,  and w i t h  --- n v iew t o  t h e  -- 
c q l ~ i t a h l e ,  c f C c c t i v c  nnd economical u s c  o n h c  g c o -  
s t a t  lonilrv s a t c l l i t c  o r b i t ;  
c )  t o  pcrfor tn  ;1ny a d d i  t ionr11 d u t  i c s  , c o n c c r n c d  
w i t h  t h e  a s s i ~ n n i e n t  and u t i l i z a t i o n  o f  f r c q u e n c i c s  and 
w i t h  t h e  u t i l i z a t i o n  o f  t h e  g c o s t a t i o n w  s a t c l l i t c  
o r b i t ,  i n  a c c o r d a n c c  w i t h  t h e  procedures p ; - ~ v i d e d  f o r  
i n t h e  Rad io  Regulations, and a s  p r e s c r i b e d  by a 
compe ten t  c o n f e r e n c e  o f  t h e  Union ,  o r  by t h e  Adminis-  
t r a t i v e  C o u n c i l  w i t h  t b e  c o n s e n t  o f  a  m a j o r i t y  o f  t h e  
blcmbers o f  t h e  Union,  i n  p r e p a r a t i o n  f o r  o r  i n  
p u r s u a n c e  o f  t h e  d e c i s i o n s  o f  s u c h  a c o n f c r c n c e  . . . . 
(cmphas i s  added)  
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In esscnce, the IFRB was instrttcted to rccord use of orbital 
slots on the same basis as frcqucncics for space serviccs. 
Although the reviscd version of Articlc 10 authorized 
recording of orbital use, the basic "first comc, first scrvcd" 
approach was not altered. However, in order to preserve the 
interests of non-space powers, the Plenipotentiary Conference 
also revised Article 33 to provide: 
I i a t i o n ; ~ l  Usc of the Radio  I:rc.rlucncy Spcctrum and of 
the Geostationary Sntellitc Orbit 
In using frequcncy bands for radio spacc scrviccs 
Members shall bear in mind that radio frequencies and 
the gcostationary satellite orbit are limited natural 
resources, that thcy must bc used efficiently and 
economically so that countries or grouys of countries 
may havc cquitablc access to both in conformity with 
thc provisions of thc Rtidio Rcgulations according to 
thcir nccds and thc technical facilities at thcir 
disposal. 20 
Read in combination, the revised version of Articles 10 
and 33, which became effective January 1, 1975, lead to a series 
of conclusions regarding the status of management of the 
geostationary orbit: 
1. Countries are entitled to utilize t h c  geostationary 
orbit and to rccord such usc with thc TFRB: 
2 .  At least during the period of active use of an orbital 
siot, the system operator is protected against harmful 
intcr fcrcncc from subscqt~cnt ly c s t a h l  i shcd systcas 
by thc coordinnt ion rcquircmcnts o r  Art iclc 9A; 
3. The system operator is not entitled to permaqent 
utilization of any particular orbital slot; and 
4. Govcrnmcnts opcr;kt ing g c o s t i ~ t  ionar)' satcll i tcs arc 
rcquircd to conduct thcir opcrations in such a way 
as to permit cquitablc arcils to orbital slots by 
othcr govcrnmcnt s subsequent l y  cstabl ishing communica- 
tions systems I~ascd on thc usc of geostationary 
satcll itcs. 
A t  the 1977 World Administrativc Radio Conference for 
the planning of the broadcasting-satellite service in the 
12 GI12 band (WARC-BS), principles to govern the management 
of the geostationary orbit were discussed. During 
21 
the dcbates, Columbia and other equatorial 
states raised the question of national sovereignty 
over the geostationary orbit. At the 1975 session of the 
First Committee of the General Assembly, Colombia had asserted 
that the geostationary orbit is a natural resource over which 
equatorial states are entitled to exercise sovereign rights in 
relation to the segments of the arc located over their respective 
territories." Similar contentions had been incorporated in the 
Bogota Declaration of December 3, 1976. 2 3  The states which 
supported that document raised the question at WARC-BS and 
stated thcir opposition to allocation of orbital slots in an 
effort to promote international recognition of national jurisdic- 
tional control. Recognition of that approach would permit the 
equatorial states to control access to the orbit, most likely 
on a licensing basis. However, conflicts with ;he "free use" 
principle of Article 1(2) and the Article I1 prohibition against 
appropriation as well as the low level of support from non- 
equatorial states suggest that the establishment of an interna- 
tion~l consensus on this approach is unlikely. 
The remaining delegatims divided their support betyeen 
dev.lopment of an a priori plan and evolutionary planning for 
orbital slot and frequency allocation. Under the first approach, 
a comprehensive plan covering all aspects of the allocation 
ques:ion would be developed in an attempt to accommodate to the 
maxilsum possible extent the whole set of needs foreseen by the 
period covered by the plan. 2 4 In contrast, under evolutionary 
ylan~:ing, systemdesign and deployment would be undertaken within 
limits imposed by a series of general sharing principles and 
w ~ ~ u l d  be based as prior consultations with other governments 
whose existing systems could be affected by the establishment of 
neg systems. Under that approach, no advance assignments of 
orbital slot. frequencies and signal polarizatidns are made, 
permitting actual use to benefit from advancing technology. 2 5, 
The a priori approach enjoyed substantial support from 
a.significant number of non-equatorial states in Regions I and 111. 
The United Statss led another bloc of states including Canada 
and Brazil :'iich opposed a priori planning sup~orting instead 
variou~ forms of evolutionary allocation for Region 11. When 
the '.'ARC-BS ended, no a priori plan was approved for Region 11, 
$ i t  a conference af Region I1 countries, including North and 
South America and the Caribbean states, was scheduled for 1982, 
26 
at whji-h a "detailed plan" is to be considered. Thus, the 
cni,ference did not significantly alter the existing regime with 
respect to use of the geostationary orbit by the United States, 
Canada and Latin America. However, technological advances are 
likely to result in increased pressure to preserve rights of 
access for states which do not yet possess the capability to 
operate satellite systcms. 
In June and July 1376, the Administrative Council of the 
ITU met in Geneva to determine, among other things, the agenda 
for the 1979 World Administrative Radio Conference. In its 
2 7 present form, the agenda calls for the review and, if necessary, 
revision of Articles 9 and 9A relating to the coordination, 
notification and recording of frequency assignments. 28 As noted 
above, Article 9A establishes procedures for coordinating use 
2 9  
of the geostationary orbit. 
In the context of discussions of Article 9A. the issue of 
allocating orbital slots is likely to be raised. Participating 
delegations are expected to align themselves along the lines 
drawn at the WARC-BS. Equatorial states will continue to press 
their claims t.hat the geostationary orbit is a natural resource 
subject to the sovereign control of individual countries which 
lie' along the equator. The non-equatorial developing countries 
and those which are considered developed but which do not yet 
possess the capability to merate sophisticated satellite systems 
can be expected to press for adoption of a comprehensive 
frequency and orbital slot allocation plan which would ensure 
future access to segments of the geostationary orbit suitable 
for national or,regional use. The United States and other 
space powers are likely to continue their support of evolutionary 
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planning in order both to ensure maximum use of the orbit and 
to incorporate technological advances into the allocation scheme 
as rapidly as they occur. 
The debate will be given a sense of urgency by intervening 
communications satellite experimentation and the evolution of 
planning for operational domestic, regional and global satellite 
networks. Canadian and American experimentation using the ATS-6 
and CTS systems will focus on applications of geostationary, 
high-power broadband satellites transmissions in conjunction 
with small terrestrial receiving terminals. 30 In addition, 
experimental activities by the European Space Agency (ESA) 
and the Japanese National Space Development Agency (NSDA) 
are expected to demonstrate the utility of new applications. 3 1 
These experimental activities will provide the basis for 
expanded operational use of geostationary communicatlons satellites. 
Significant expansion of the Intelsat network and deployment 
of new Intelsat V satellites are projected. 3 2  On the regional 
level, the Arab League's Telecommunications Union is considering 
establishing a system based on geostationary satellites for the 
provision of broadcast and telephone services to each member 
country. 33  Expanded domestic systems are either under devel- 
opment or in the planning phase in the United States, Canada, 
Indonesia, Iran and Japan. In addition, a number of countries, 
including Algeria, Zaire, Brazil, Nigeria and Norway have leased 
or are considering leasing transponders from Intelsat for 
dedicated use in domestic systems. 34 
Increases in existing and planned use of the geostationary 
orbit for communications and other purposes will provide impetus 
for the 1979 WARC debate regarding allocation of the geostationary 
orbit. Because of the key role played in the existing law of 
outer space by the "free use" principle of Article I ( 2 )  and the 
non-appropriation principle of Article 11, and in light of the 
potential economic and social value of the proposed satellite 
applications based on the use of the geostationary orbit, the 
claims of equatorial states to sovereign control over large 
segmencs of the orbit are unlikely to receive broad international 
recognition. Thus, the main struggle is likely to take place 
between comprehensive advance allocation of frequency and 
orbital slots and allocation according to actual use, taking 
into account existing systems and advancing technology. 
Current positions and trends of discussion indicate that 
althbugh substantial discussion of the problem will occur at 
the 1979 WARC, no definitive solution will be reached, because 
of the strength of the competing interests involved. Proposals 
for both a priori -and evolutionary planning are likely to be 
referred for consideration to regional conferences. After 
consideration there, the resulting recommendations will probably 
be re-examined at a general NARC in the mid-1980s. Debates 
at the 1979 II'ARC and subsequent conferences are likely to reveal 
a trend toward the assignment within each region of orbital 
segments dedicated to individual communications services. 
Within each segment, each country would be assured equitable 
!ccess to orbital slots, but no specific frequency or orbital 
slot allocations would be made in advance of actual use. Despite 
a trend toward that approach, complicating factors including 
non-communications applications such as satellite power generation 
are likely to delay establishment of an effective compromise 
among competing interests. 
Thus, the impact of the 1979 WARC on the development and 
establishment of satellite power systems is likely to center 
on identification, first, of the problems of coordinating 
potential uses of the geostationary orbit to avoid mutual 
harmful interference, and second, of the competing interests 
of equatorial, developing and developed countries in the use 
of the orbit. In particular, since satellite power systems 
are not likely to be operational prior to 1995 and therefore 
are dependent on long-term orbital management activities, 
the progress projected for the 1979 WARC is likely to emphasize 
the inportance of preliminary planning and evaluation of future 
orbital requirements for satellite power systems in order to 
ensure that future conferences take into account both the need 
to,establish such systems and, if established, their projected 
orbital requirements. 
PART I 1 1  
The treaties and conventions discussed in Part I11 
provide the general legal framework within which the industriali- 
zation of outer space is likely to evolve. As technological 
advances make establishment of experimental and operational 
systems imminent, various members of the international community will 
initiate efforts to elaborate the general instruments discussed 
above by establishing more specific guidelines to govern 
particular activities. Thus, for example, planning and experi- 
mentation relating to direct broadcast and earth resources 
: satellites have promoted extensive consideration of relevant 
technical, organizational and legal guidelines by the United 
Nations Committee on the Peaceful Uses of Outer Space (CPUOS) 
and.its subcommittees. To the extent that the concept of space 
industrialization encompasses the direct television broadcasting 
via satellite, remote sensing and closely related activities, 
the CPUOS debates provide a basis for predictions regarding 
the'structure of international space law at the time such 
system bacome fully operational. The CPUOS debates also 
indicate trends which are likely to influence future negotiations 
relating to uses of outer space which are not yet under 
consideration in CPUOS, including satellite power systems and 
space manufacturing. 
In addition to trends indiczted by CPUOS activities, 
other evidence regar4ing the future of international space law 
can be derived from developments in other areas of international 
law. One example is the analogy which can be drawn to the 
positions taken by various delegations on legal and institutional 
issues at the present series of United Nations Conferences on 
the Law of the Sea as reflected in the ~egotiating texts. 
Another example is the evolving concept of "the common heritage 
of mankind" which has received some measure of support in 
negotiations relating to the management of both the seas and 
outer space. Further guidance on questions relating to 
potential organizational configurations for entities engaged 
in space industrialization can be derived from current trends 
as evidenced by the practice of Intelsat, Inmarsat and Aerosat. 
The purpose of Part 111 is to examine the most important 
of these trends: 
1. direct broadcast satellites; 
2. earth resources satellites; and 
3. the draft moon treatv. 
1 .  IMPLICATIONS OF THE CPIJOS DEBATES ON DIRECT SATELLITE 
OADCASTING FOR SPACE INDUSTRIALIZATION 
- - - - 
NASA research and development activities utilizing the 
ATS and CTS systems have demonstrated the technical feasibility 
of direct broadcast satellites capable of transmitting program 
carrying signals directly to small-scale ground receivers, 
bypassing the complex terrestrial redistribution networks 
presently employed by existing systems. 1 
Direct broadcasting from satellites promises a number of 
benefits, including more efficient and extensive program 
dissemination Dn a national level both for educational and 
*entertainment purposes and for increased interchange of ideas 
and infcrmation between cultures. Perhaps thc most important 
of these is the potential for improving the quality of education. 
Jn all of the developing countries, and even in some of those 
considei ed developed, a shortage of well -qualif ied teachers 
has hindered national development, setting in moticn a search 
for means to oveicome the shortage. Educational televisim 
has been used successfully in many parts of the world to 
distribute over a wide area resources previously available 
only in isolated special teaching facilities. In a large 
number of countries, however, the absence of a well-developed, 
in-place terrestrial distribution system for educational 
programming, compoufided by the difficulty of installation 
due to high costs, difficult terrain or a widely dispersed 
population, has prevented full realization of television's 
educational potential. Direct satellite broadcasting technology 
is capable of overcoming these barriers, provided that certain 
economic and .technical obstacles are overcome. 
Along with its promise of increased interchange among 
peoples, direct broadcasting has also created concern among 
potential "receiving states" that the new technology will be 
exploited for purposes of propaganda or for cultural or economic 
imperialism. As early as 1963 that concern generated demands 
that a restrictive international legal regime be imposed on 
the use of direct broadcasting to prevent potential misuses. 
The significant initiatives in that regard have centered in 
the United Nations, taking place in a variety of agencies, 
including CPUOS, the ITU and UNESCO. 
A.  Main Positions 
During the United Nations debate, three main positions 
have emerged. After a short initial period at the opposite 
pole, the Soviet Union has led Argentina, Brazil, Egypt, France 
and the Eastern European bloc in expressing concern over 
the potential for satellite transmission of politically 
subversive or culturally disruptive broadcasts across national 
boundaries without the prior consent of the receiving state. 
A number of less developed states have echoed the Soviet concern 
over propaganda. Morocco, Iran, Sierra Leone, and India, 
among other Third World states, have been especially concerned 
about cultural imperialism and the possibility that commercial 
advertising by the industrial powers w o ~ l d  disrupt tne social 
fabric of developing nations, Some Third World nations have 
suggested that any television program displaying consumer- 
oriented societies in a favorable light wovld create a demand 
for consumer goods among their own citizens which could delay 
or perhaps even thwart national plans for social and economic 
development.* The key elements upon which these states would 
ultimately base an international institutional response are 
the principles of national sovereignty and the need to protect 
established cultures against intrusion from abrrad. 
Opposition to the restrictive -.:::alatory aF roach taken 
by the Soviet Union has been led by the United States, which 
has argued, first, that any regulation was premature, since 
no one could determine witb any degree of certainty either the 
configuration of future direct broadcast systems or the nature 
of the political, economic and legal problems likely to arise 
when such systems finally become operational, and second, that 
an excessively restrictive policy could stifle the initiatives 
necessary to develop and implement direct broadcast technology. 
The third tenet of the United Statest position has been the 
contention that a regime of prior consent and program control 
would violate both the First Amendment and the principle of the 
free flow of information contained in the Declaration of Human 
Rights, and would, therefore, be unacceptable as a matter of 
constitutional policy. 
Sweden and Canada have taken an intermediate position, 
recognizing the need to incorporate both the free flow of 
information and the protection of national sovereignty and 
cultural diversity into any viable regulatory scheme. To 
achieve that'goal, the two states have advocated a regime based 
.*. on international cooperation expressed in a prior agreement 
between the broadcasting and receiving states. Under the 
Swedish-Canadian proposal, program content would be determined 
by the bilateral prior consent agreement inther than by a 
global agree;:ent as proposed by the Soviets. 
The current series of CPUOS negotiations began in 1969 
when the Working Group on Direct groadcast Satelliies was 
convened in New York pursuant to General Assembly Resolution 
2453 B (XXIII).~ After the Working Group held five sessions, 
the main debat: regardinq appropriate governing principles 
shifted to the Legal Sub-committee in 1974, where some progress 
has been made toward the establishment of an international 
consensus. The basic foundations of the debate were embodied 
in proposals submitted by the Soviet Union, the United States 
and jointly by Sweden and Canada. 
I .  The 1972 S o v i e t  Draft C o n v e n t i o n  
Concerned about the American progress with ~ommunications 
satellite technology, the Soviet Union unexpectedly introduced 
its restrictive Draft Convention on Principles Governing the 
Use by States of Artificial Earth Satellites for Direct Televi. 
-
sion Broadcasting to the General Assembly on 8 August 1972. 4 
In a letter addressed to thc Secretary-General, Soviet Foreign 
Minister Andrei Gromyko requested that the twenty-seventh 
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session of the General Assembly examine the feasibility of 
an international agreement for satellite broadcast regulation 
and that the Soviet proposal be included on the agenda. 5 
The Soviet Union intended its draft to provide the foundation 
for a universaliy binding treaty approved by the CPUOS Legal 
Sub-Committee. 
As submittez, the Soviet draft contained nearly all of 
the restrictive principles proposed during the previous 
meetings of the Working Group, including a strict provision 
permitting direct satellite broadcastin; to foreign states 
"only with the express consent of the latter. "6 Article IV 
provided that any party to the proposed convention would 
undertake to exclude from programming transmitted via satellite 
"any material publicizing ideas of war, militarism, nazism, 
national and racial hatred and enmity between peoples, as 
weli as material which is immoral or instigating in nature 
or is otherwise aimed at interfering in the domestic affairs 
or foreign pollcy of other states." Article VI elaborated 
the general statements of Article IV, listing specific categories 
of satellite broadcasting which would be illegal: 
(a) Broadcasts detrimental to the maintenance of 
international peace and security; 
( b )  Broadcasts representing interference in intra- 
state conflicts of any kind; 
(c) Broadcasts involving an encroachment on funda- 
mental human rights, on the dignity and worth 
of the human person and on the fundamental 
freedoms for all without distinction as to race, 
sex, language or religion; 
(d)  Broadcasts propagandizing violence, horrors, 
pornography, and the use of narcotics; 
(e) Broadcasts undermining the foundations of the 
local civilization, culture, way of life, 
traditions or language; 
(f) Broadcasts which misinform the public in these 
or other matters, 
The ban on specific categories of program content was 
supported by Articlc XII, which would have denied any party 
to the convention the right to enter into any subsequent 
international agreement w3ich conflicted with the convention. 
Thus, the proposed program content limitations were apparently !: 
intended to apply even if the broadcasting and receiving states 
had agreed to waive one or more of the limitations, Consequently, 
under the Soviet draft, any third state which considered the 
programming exchanged between the broadcasting and receiving 
state--even if pursuant to an agreement between the two--to 
fall within the proscribed categories, could invoke the 
remedial procedures foreseen in the Soviet draft, even if 
there were no pbssibility that the third state's citizens 
would receive the allegedly objectionable transmissions. In 
addition, the proposal also forbade advertising, except "on 
the basis of specific agreements specially concluded between 
those states ~oncerned."~ 
The foundation for the remedial process was laid by 
Article VI, which imposed international liability of states 
against a broadcasting state where programming contained 
proscribed materials. Article VII extended the liability of 
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the broadcasting state to include any act of illegal broadcasting 
by one of its nationals, whether or not the broadcas; was 
actually transmitted by a government agency. The imposition 
of international liability presumably made available to the 
objecting state all of the normal remedial procedures provided 
by international law. Article IX, however, also permitted the 
target state to "employ the means at its disposal" to counteract 
the illegal irradiation of its territory by a foreign state. 8 
The convention did not state explicitly whether retaliatory 
military action against the satellite would be permissible in 
such cases. However, that interpretation was given credence 
by language contained in Foreign Minister Gromyko's letter 
conveying the draft convention to the Secretary-Ger.era1: 
States may utilize the means at their disposal to 
counteract illegal direct broadcasting of which 
they are the object, not only in their own territory 
but also in outer space and other areas beyond the 
limits of national jurisdiction of any state.9 
Gromykots statement leaves open a number of undesirable responses 
by the target state, including the destruction of the satellite 
in space. Eventually, however, the Soviets indicated that 
only "lawful" measures would be autiorized under the convention. 10 
The Secretary-General referred the Soviet draft to the 
Committee on the Peaceful Uses of Outer Space, which in turn 
approved consideration of direct broadcast issues by the 
Working Croup at its fourth session. 11 
At the fifth session of the Working Group, the Soviet 
Union also took a slightly moderated position, substituting a 
draft declaration of principles for the draft convention, 12 
The substantive provisions were essentially identical to those 
of the 1972 'draft convention, with two exceptions. The first 
exception was the draft declaration's omission of the listing 
of prescribed categories of program content in Article VI of 
the draft convention. l3 Although the specific listing is omitted: 
the general prescriptions of prl grams promoting militarism, 
racial hatred and cultural subversion contained in Article IV 
0:' t4e convention are retained in Article IV of the draft 
declaration, leaving the scope or effect of the limits on 
program content substantially unaffected. 
A second difference between the two drafts relates to tht 
issue of spillover. Under Article VIII(2) of the 1972 draft 
convention, any state believing itself subjected to uninten- 
tional radiation would have been entitled only to request 
consultations with the broadcasting state. The draft declaration 
would have authorized the offended state to compel immediate 
consultations regarding program content if the unintentional 
spillover were receivable in its territory by ordinary receivers 
or receivers augmented by simple devices. l4 Both drafts would 
have proscribed any intentional broadcast unless authorized 
by prior agreement betw,een the brcadcasting and receiving states. 15 
The final difference between the two Soviet drafts is 
found in the remedial provisions. Article IX(1) of the 1972 
draft convention would have permitted any party to the convention 
to: 
employ the means at its disposal to counteract 
illegal television broadcasting of which it is the 
object, not only in its own territory but also 
in outer space and other areas beyond the limits 
of the national jurisdiction of any State, 
ieaving open the possibility that an offended state might 
consider itself entitled to destroy the satellite relaying 
allegedly unlawful programming. l6 The counterpart to 
Article IX(1) in the draft declaration limits the response of 
the complainant state to those "measures which are recognized 
as legal under international law, 17 
Despite the near identity between the operative provisions 
of the 1972 draft convention and the 1974 draft declaration, 
the fornier represents a moderation of the Soviet position. 
By accepting a non-binding declaration, rather than a treaty, 
as the appropriate mode for expressing an international consensus, 
the Soviets moved toward compromise with the American and 
~wed'ish-~anadian positions. 
2 .  The Swedish-Canadian Draft P r i n c i p l e s  
Also considered at the fourth session of the Working 
Group in 1973 was a draft declaration submitted jointly by 
the Swedish and Canadian delegations. Officially entitled 
The Draft Principles Governing Direct Television Broadcasting 
- 
by Satellite, l8 the Swedish-Canadian proposal attempted to 
reconcile the free flow of information with national sovereignty 
through the application of the basic principles of cooperation 
and participation. Like the Sov,et draft convention, the joint 
Swedish-Canadian proposal would have required the broadcaster 
to secure the consent of the recipient state: 
Direct television broadcasting by satellite to any 
foreign State shall be undertaken only with the 
consent of that State. The consenting State shall 
have, the right to participate in activities which 
involve coverage of territory under its jurisdiction 
and control. This participation shall be governed 
by appropriate internationa arrangements between 
the States involved . . . . 1 9  
The draft declaration did not, however, include an explicit 
program code. Instead, Article VIIl would have mandated 
participation of the recipient state in "the scheduling, content, 
production and exchange of programmes and all other aspects, 
including if appropriate, the training of technical and programme 
personnel. "'O The combination of prior consent and participation 
provisions would have nullified the potential tor offensive 
program content, while permitting the participatory states to 
tailor programming to their respective needs. Although the 
prior consent provision was comparable to that proposed in 
theesoviet draft, the Swedish-Canadian draft would have 
permitted interested states to consent to any type of programming, 
while the Soviets advocated the establishment of prohibitions 
against specific categories of content. 21 
The Swedish-Canadian draft declaration also would have 
distinguished between technically unavoidable spillover and the 
intentional transmission of television signals to a foreign 
country. While the prior consent clause would not have 
operated in the case of unavoidable spillover, the draft' 
declaration specified that the ccnsent and participation 
provisions were to be applicable in situations: 
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(a) where coverage of the territory of a foreign 
State entails radiation of the satellite signal 
beyond the limits considered technically unavoidable 
under the Radio Regulations of the International 
Telecommunication Union; or 
(b) where notwithstanding the technical unavoid- 
ability of spillover to the territory of a foreign 
State, the satellite broadcast is aimed specifically 
at an audi ce in that State within tne area of 
spillover. 49 
If any state concluded that another was violating the principles 
set forth above, the joint document would have authorized the 
former to call upon the latter to enter into consultations 
regarding the alleged violations. If the consultations did 
not reach a mutually acceptable settlement, the aggrieved state 
would have been entitled to seek a settlement through the 
established procedures for the resolution of disputes "such 
I123 as conciliation, mediation, arbitration or judicial settlement. 
The Swedish-Canadian draft appears to be a useful com- 
promise between the Soviet draft convention and the arguments 
presented orally by the American delegation. The proposal 
contained an explicit prior consent provision, similar to that 
sought by the Soviets, but it omitted the controls on program 
content so vehemently opposed by the American delegation. 
Nonetheless, the ommission wac potentially compatible with the 
Soviet position, since the shared control of specific programming 
could serve as an effective substitute. The joint proposal 
would also have assured American broadcasters that they would 
not be forbidden to transmit commercial programming to other 
nations on the basis of objections based on conte:~t, provided 
they were able to persuade the receiving state to consent to 
receive direct broadcasting. In addition, a state irradiated 
by spillover resulting from consented transmission between two 
other states could not interfere with the transmissions on 
the ground that it had not also consented, if the spillover 
were technically unavoidable and not specifically directed at 
the complaining state. Finally, the fact that the document 
did not authorize censorship or contain a list of proscribed 
programs could have eased the American constitutional objections 
to international broadcast regulation. 
3 .  The Uni ted  S t a t e s  D r a f t  Princip* 
During the first four sessions of the Working Group, 
the United States consistently argued that any international 
declaration or treaty on direct broadcasting would impede 
development and operational implementation of the technology. 
However, in response to the Soviet and Swedish-Canadian 
initiatives, the United States delegation submitted its 
own draft declaration of principles to the fifth session of 
the Working Group. Framed in general terms, the American 
Draft Principles on Direct Broadcast satellitesZ4 did not 
attempt to enumerate illegal broadcast applications. In 
contrast to the Soviet document, the American proposal took a 
positive approach, encouraging rather than limiting the use 
of direct broadcast satellites. The draft recognized the need 
for direct broadcasting to develop within the limits imposed by 
the ITU technical parameters and procedures, as well as by 
international law, including the United Nations Charter and 
the Outer Space Treaty. 2 5  In its proposar the United States 
also included the principle that direct broadcasting should 
be carried out in a manner both compatible with the maintenance 
of international peace and sensitive to the differences among 
cultures . 26 Within that framexork the American delegation 
proposed that the evolving technology be applied so as to 
"encourage and expand the free and open exchange of information 
and ideas. "" Implementation of the fundame~tal principle of 
the free flow of information was to be achieved by promoting 
access of every state to both transmitting and receiving 
facilities insofar as technical obstacles could be overcome. 2 8  
The organizational and programming barriers were to be overcome 
through cooperative efforts of international organizations 
and regional broadcasting  association^,^^ with any disputes 
to be resolved by establisled procedures. 30 Finally, the draft 
principles introduced by the United States delegation called 
upon the Unitef Nations and its member states to "review the 
questions of the use of satellites for international direct 
television broadcasting if practical experience indicates the 
need for such a review. 3 1 
From the beginning of the direct broadcast debate, the 
basic tenets of t h e  Amcricaq ~osition had been the free flow 
of information, deferral of regulation until concrete problems 
have arisen, and application of the evolving technology through 
regional cooperation. Thus, in one sense, the proposed principles 
simply formalized the previously established position. None- 
theless, the American draft represented an important step 
toward comyromise. Until the Working G r w p t s  fifth session, 
the United States had opposed any attempt to establish limitations, 
whether binding or not, on direct broadcasting. By introducing 
Its own set of draft principles, the United States accepted 
the proposition that the establishment of such non-binding 
principles would facilitate the development of the technology. 
The American proposal also recognized for the first time the 
need to j-~clude a provision for broad acccss in order to ensure 
the two-way flow envisioned in the principle of free flow 
of information. Although conditioned upon the ability to over- 
come unspecified "practical difficulites," the shared access 
principle represented anothcr step toward resolution of the 
direct broadcast controversy. 
B. Present Status of the Direct Broadcast Debate 
Since 1974 the CPUOS Legal Sub-Committee has made some 
progress toward a consensus on direct broadcast issues. The 
following subsections are intended ta describe the current 
status of the debates on specific key issues. 
I .  Purposes - and Objectives 
At the final session of the Working Group in 1974, the 
delegations agreed that direct broadcasting should have as 
its goals the promotion of international peace, the facilitation 
of global economic and social development and the furtherance 
of intercultural understanding. The report concluded that 
all d i r c ~ t  broadcasting activities should be conducced exclu- 
sively in a manner compatible with those goals. 3 3  However, a t  
the fourteenth session of the Legal Eub-Committee, one group 
of delegates argued that that policy sh~illd be made mandatory, 
while others contended that the principle in question should 
remain a nun-obligatory statement of a general policy. 3 4 
During the fif~zenth session, the  dele^ +ions agreed on the 
latter approach. 35 
2. AppZicabiZitg of InternationaZ Law 
The report of the fourtcenth session of the subcommittee 
recognized that the Unite4 Yatlons Charter, the Outer Space 
Treaty, and the International Telecommunication Convention 
with its Radio Regulations had established general limits 
within which direct broadcasting would have to evolve. 36 
Left unresolved, however, was the issue whether the draft 
principle regarding the applicability of international law 
should state that direct broadcasting "should be" conducted 
in accordance with generally recognized rules or whether such 
a provision sho~ld impose on states the obligation to ensure 
the compliance of activities within their j~risdiction.~' In 
addition, disagreement remained relating to the inclusion among 
the principles to be applied of the Universal Declaration of 
Human Rights, the International Covenant on Civil and Political 
Rights and the Declaration on Principles of International Law 
Concerning Friendly Relations and Cooperation Among States, 38 
Article 111 of the 1967 Outer Space Treaty appears to 
resolve tiie first estion by obligating states who are partis- '4 
to the treaty to conduct activities in outer space in accordance 
with international law. 39 Consequently, the obligation of 
states to comply with international law would not be diminished 
by omission of an express statement of the obligation. Thus, 
the decision of the subcommittee at its fifteenth session to 
endorse non-obli~atory language does not seriously limit the 
legal impact of the draft declaration ultimately approved by 
CPUOS. 
Althwgh the inclusion of general references to the 
Universal Declaration of Human Rights, the International 
Covenant on Civil and Political Rights, and the Declaration 
of Principles of International Law Ccncerning Friendly Relations 
and Cooperation Among States could be justified as an additional 
step toward the establishment both of a liberal rcgine for 
direct broadcasting which would facilitate educational application 
and of customary rules regarding an international obligation 
to protect human rights, the practicalities of international 
negotiation in.the present case seem to indicate that reference 
will be made only to those principles phrticularly relevant 
to the direct broadcast controversy, namely sovereignty, non- 
intervention, and the free flow of information. In grder tn 
facilitate establishment of a consensus, the subcommittee 
agreed in 1976 to substitute the phrase "the relevant provisions 
of . . . international instruments relating to friendly relations , 
and co-operation among States and to human rights" in place of 
reference to specific instruments as previously proposed. 41 
3. R i g h t s  and Benefits 
At the 1974 session of the Working Group, +he participating 
delegations agreed that all states have an equal right to 
conduct or authorize direct broadcasting, and that all states 
are entitled to share in the benefits of the new tecnnology, 
regardless of their degree of economic or scientific development. 42 
The sharing of benefits thus foreseen was to include increasing 
opportunities for access to direct broadcast systems, based 
on specific agreements between the states concerned. 43 The 
basic consensus was not uisturbed at the fourteenth session of 
the Legal Sub-committee. Two sub-issues were, however, left 
unresolved. 44 First, some delegations advocated inclusion of 
a provision limiting direct broadcast activities to either 
governmental agencies or entitles under government supervision. 
The inclusion of such a provision would be important to the 
imposition of the international liability of states, and 
would therefore be an essential par' of any regime designed to 
impose enforceable restrictions an prczram content. In all of 
its proposals, tke Soviet Union ha? cc/ns'.stently sought to 
restrict direct broadcast activities tc tho;.e entities controlled 
by their respective governments. 4 5  The S:ii,ed States has 
resisted suck attempts in order to preserve the use of direct 
broadcast satellites for commercial programming. A second sub- 
issue arose regarding whether the right of eqvitable sharing 
in the benefits of dircct broadcasting sho~lld be stated in 
obligatory or normative terms. 4 6  The subcommittee reached 
- agreement at its 1976 session based on normative rather than 
obligatory language and on the deletion of express references 
to both supervision by governments a ~ d  activities of individuals 
in outer space. 4 7  
4. Internationa 2 Cooperation 
Strong recognition was given to the principle of inter- 
national cooperztion in the report n£ the fifth Working Group 
which described corporations as a "touchstone for the development 
and use of direct television broadcasting by satellite," and 
called upon states and international organizations, both 
governmental and non-governmental, to make every effort to 
enhance the capabilities of interested states to take advantage 
of direct broadcast technology. 4 8  Disagreemeqt surfaced, hpwever , 
in Legal Sub-committee discussions regarding the application 
of the principle. Some delegations argued that direct broad- 
casting should be "based on" international cooperation, while 
m I b l A L  PAGE lb 
m woa Q U n t n r  
others advocated a regime in which direct broadcasting b ~ u l d  
"encouragev international cooperation. 4 9  The former position 
was consistent with the Swedish-Canadian position that 
international cooperation is essential to the realization 
of the educational potential of direct broadcasting, and 
that any set of governing principles should include a 
general prior consent provision. The positiun that direct 
broadcasting should "encourage" international cooperation 
expressed optimism regarding the educational value of direct 
broadcasting, but did not mention - -  and presumably implicitly 
rejected - -  the principle of prior consent. A compromise 
was reached at the fifteenth session of the Legal Sub-committee 
which provided that direct broadcasting activities "should 
be based upon and encourage international co-operation. 1150  
5.  S t a t e  ResponsibiZi tr j  
A consensus bas also obtained b-• the fourteenth session 
of the Legal Sub-Comnittee on the issue of state responsibility. 
The delegations at the fifth Working Group had agreed that 
states should bear international respoqsibility for direct 
broadcast activities as described in Article VI of the Outer 
Space Treaty. Beyond that point disagreement on the issue 
surfaced. Some delegations argued that a state should bear 
inter,,ational responsibility for all activities carried out 
by its nationals, regardless of whether the government had 
any authority under its constitution and laws. Other delegations 
rejected that argument, contending that the advantage of such 
a principle would have madc states internationally liable 
2 34 
for the content of programming, a r. ~ l t  which would have been 
unacceptable, especially for those states whose broadcasting 
entities were not subject to state control. 5 2  
Thz Legal Sub-Committee's drafting group resolved the 
disagreement and achieved a complete consensus regarding the 
question of state responsibility for di-ect broadcasting. 
Building on the foundation laid in the Outer Space Treaty, 
the draft principle accepted by the drafting group would 
impose responsibility on a state to ensure that all activities 
carried out by the state or under its jurisdiction are conducted 
in conformity with the whole set of draft principles. 5 3  Where 
direct broadcasting is carried out by an international 
organization, international responsibility would be borne 
both by the organization and by individual member states. 5 4  
The essential elements of this agreement were not altered by 
the' negotiations of the subcommittee's fifteenth session. 55 
6 .  Duty and R i g h t  t o  C o n s u l t  
A t  t h c  conclusion ~f the fourteenth session, no consensus 
was established on conflicting proposals regarding consultation 
between states with respect to direct broadcasting. The 
subcommittee reported two alternative proposals. 56  The first, 
supported mainly by potential "receiving" states, would have 
authorized a state which had reason to believe that its 
interests would be adversely affected by the direct broadcast 
activities of another state to request consultations with the 
broadcasting state. Under that approach, the broadcasting 
state would have been required to enter into appropriate 
consultations without delay. The second alternative would 
have provided that any state which rcceived a request for 
consultation regarding the direct broadcast activities of 
either should agree to commence such consultations without 
delay. At its fifteenth session, the subcommittee was able 
to reach agreement on a draft principle which parallels the 
second alternative described above. 57 
7. Priora  Consent  
The most difficult problem in the resolution of the direct 
broadcast controversy is thc prior consent issue. At the 
close of the fifth session of the Working Group, the delegations 
remained divided into thrcc main factions on the issue of 
prior consent, with the largest group favoring a legal regime 
granting the receiving state the right to deny its consent. 
That' group argued that prior consent is consistent with the 
recognitcd right of each state to regulate its own communica- 
tions system, nqd that a prior consent regime would avoid 
contravention of national broadcasting legislation. S8 The 
same faction also noted that thc international community had 
a.lready adopted the principle of prior consent when i t  adopted 
,Qrticle 7, 5428A of the ITU Radio Regulations at the 1971 
ISARC-ST Conference. 59 
The second ntajor group maintained that a clear distinction 
nust be drawn between direct broadcasts intentionally transmitted 
t~ a foreign state and those received there as a result of 
unavoidable spillover. In the first case, it was argued, 
prior consent should be required, because the principle of 
sovereignty gives each state the right to determine the form 
of its own political, economic and social systems, and therefore, 
the flow of information in its territory. Further, the 
inequality of opportunity to use direct broadcast technology 
strengthens the need for the protection which ~ o u l d  be provided 
in a regime based on the concept of prior consent. 60 
The third major faction rejected the principle of prior 
consent altogether. These delegations argued that the right 
of prior consent would give the receiving state the authority 
to veto the transmission of any given program, thereby pro- 
gressively ~ndermining the principle of the free flow of 
information contrary to Article 19 of the Universal Declaration 
of Human Rights. In addition, the imposition of a regime 
based on prior consent would inhibit full realization of direct 
broadcdst technology, particularly for domestic systems, if 
the principle were applied to spillover. 62 
When the Legal Sub-committee adjoined its fourteenth 
session, two main positions on the questions of prior consent 
remained. Proponents of the first position would prohibit 
direct broadcasts to any state unless that state had consented. 
If consent were given, the conscnting state would have the 
right to participate in activities related to coverage of its 
territory. These consent and participation principles would 
not apply, however, where coverage of the foreign state 
resulted from technically unavoidable spillover as defined in 
237 . 
the ITU's Radio Regulations. 6 3  This position appears to 
correspond to the principles proposed by the Swedish and Canadian 
delegations to the fourth session of the Working Group. 64 
The second faction rejected the principle of prior consent, 
preferring instead a legal regime based on an undefined founda- 
tion of participation and cooperation. The sole concrete 
element of cooperation approved by the second faction called 
upon the broadcasting state to consult with any receiving 
state on the request of the latter; however, the principle 
proposed would call for such consultations only with respect 
to restrictions imposed by the broadcasting state. 66 
During the 1976 session, the subcominittee was unable to 
report any progress. The reports of the fourteenth and 
fifteenth sessions contain identical sets of two alternative 
draft principles. 67 
8 .  S p i  L l o v e r  
On the spillover issue, two main positions remained at 
the end of the Working Group's fifth session. The first group 
argued t h ~ t  since some spillover would be unavoidable, inter- 
national principles should be elaborated to minimize international 
conflict. The other faction responded that technical develop- 
ments might eliminate most problems created by spillover before 
individual reception in spillover areas will have become 
possible, thus obviating the need for a legal framework to 
resolve spillover disputes, particularly when technical pro- 
sedl:fes are already available under the auspices of the ITU. 68  
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During the fourteenth session of the subcommittee, these 
positions crystallized somewhat. One position would require 
the broadcasting state to use "all technical means available 
to reduce, to the maximum extent practicable, the radiation 
over the territory of other countries" unless a prior agreement 
has been reached between the broadcasting and receiving states. 6 9  
The other position would impose no requirement, but merely 
states that "all reasonable means should be used to reduce to 
a minimum any unintended radiation of the territory of other 
countries. 70 The latter position is consistent with the 
unlimited regime advocated by the United States, while the 
, former would be an integral part of the prior consent regime 
proposed in the Swedish-Canadian drafts. 
Some movement on the spillover issue was evident at the 
1976 session. Previous session reports had incorporated a 
separate draft principle covering the spillover question. 71 
During the fifteenth session, the separate spillover principle 
was deleted, and its su~stance was incorporated into the 
Alternative A of the proposed consent principle which would 
permit the receiving state to deny its consent to direct 
broadcasts. 72 
9. Program C o n t e n t  
Another key issue upon which the delegations were unable 
to establish a consensus was the question whether a set of 
international principles governing direct broadcasting should 
proscribe certain categories of program content. One group 
of delegations argued that any such legal regime should 
combine a prior consent provision with an obligation to 
exclude from direct broadcasts programs which would threaten 
international peace, or which would promote war, militarism 
or social hatred, or which would undermine the foundations 
of the local civilization in any way. 73 The listing of programs 
to be banned resembled those contained in both the Soviet 
Union's 1972 draft convention and its 1974 draft declaration of 
principles. 7 4  
The second main position was similar to that advanced 
by the Swedish and Canadian delegations in previous sessions. 
The report of the fifth Working Group noted that some delegations 
had espoused the view that because of political, eononomic, 
social and cultural differences among states, the esta5lishment 
of general principles or objective criteria for applying those 
prikiples would be very difficult , if not impossible. Further, i 
it was argued that the inc~l-sion of a principle of prior i 
consent in a lcgal regime governing direct broadcasting would 
render restrictions on program content unnecessary, particularly 
if prior consent were complemented by a principle providing for 
participation of the receiving state, 75 The related view was 
expressed that, if the conduct of direct broadcasting was to be 
governed by the key principle of international cooperation, the 
inclusion of limitations effectively dictating program content 
would be inappropriate. 7 6 
During the Legal Sub-committee debates, the American 
position merged with the Swedish-Canadian positions despite 
the conflict between the two on the question of prior consent. 
They proposed a principle calling for cooperation between states 
with respect to programming, program content, production and 
exchange of programs. 77 The fourteenth session report also 
notes a position, like that advocated consistently throughout 
the debates by the Soviet delegation, which would require states 
to exclude, regardless of other agreements, programming material 
which: 1) is detrimental to the maintenance of international 
peace; 2) publicized war, militarism, nazism or racial hatred; 
3) is aimed a t  interfering in the domestic affairs of other 
states; or 4) undermines local culture in any way. 78 
During the Working Group debates regarding program content, 
the question of the permissibility or commercial programming 
or advertising arose. One faction supported the view that 
to the extent direct broadcast advertising created a demand 
in the receiving state for a particular product or in any 
other way generated conditions unfavorable to local industry, 
such programming would be undesirable and should be permitted 
only when expressly permitted by the receiving state. 79 Other 
states argued that no distinction should be drawn between 
advertising or commercial programming and any other category 
of program content. 80 The same positions were taken in the 
Legal Sub-committee, with the result that a third disputed 
paragraph relating to program content would permit commercial 
advertising only on the basis of prior agreement; was incor- 
porated in the session report. During its 1976 session, the 
Legal Sub-Committee was unable to achieve progress on any 
aspect of the program content issue. 8 2  
1 0 .  UnZat~fuZ o r  Inadmiss ib le  Broadcasts 
Closely related to tht questions of prior consent and 
program content is a draft principle defining unlawful or 
inadmissible broadcasts. The first clause of the drazt principle 
reported by the subcommittee is taken verbatim from Article VI 
of the draft principles presented to the fifth session of the 
Working Group by the Soviet delegation. 8 3  It provides that 
the international liability of states arises when either 
broadcasts are conducted without the express consent of the 
receiving state, or the broadcasts contain proscribed material, 
or when unintentional spillover is compounded by the broad- 
casting state's failure to enter into appropriate consultations 
with the receiving state. 8 4  The draft principle again drew 
from the Soviet proposals to the fifth Working Group when it 
authorized the receiving state to take any remedial measures 
recognized as legal under international law, without placing 
any priority upon negotiation, conciliation, arbitration or any 
of the other conflict resolution techniques preferred in the 
United Nations framework, 8 5  The states which opposed a direct 
broadcast regime based on program content limitations or prior 
consent, and consequently opposed outlawing any broadcast, 
rejected the draft principle -- in toto. 
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C.  Prospects for Resolution of the Direct Broadcast Debates 
When the direct broadcast debates began in 1963, they 
were not characterized by any special sense of urgency, since 
direct satellite broadcasting was neither technologically nor 
economically feasible in the foreseeable future. Since then 
the pressure to impose international controls to prevent potential 
abusive applications of the technology has increased sharply, 
primarily because of rapid, highly visible t'echnological progress. 
NASA's experimental communication satellite programs, especially 
those using Application Technology Satellites (ATS) 1, 3, 5 
and 6, and the operational successes of the Intelsat system 
have been particularly instrumental in overcoming technclogical 
barriers to direct br~adcasting.~~ These experiments, combined 
with ambitious plans for more advanced experimentation, including 
the.Indian-American SITE experiment and the Canadian-American 
CTS projects , 8 7  have motivated other countries to develop their 
own experimental or operatianal direct broadcast programs. 
At the Panel Meeting on Sstellite Broadcast Systems for Education 
convened by CPUOS in Tokyo in April 1974, Japan announced 
that it would launch an experimental direct broadcast satellite 
in 1 9 7 6 , ~ ~  and the Canadian and Brazilian delegations outlined 
plans to launch new domestic satellites to facilitate communi- 
cations with their vast, remote hinterlands. 89 The French 
delegation offered free time on its Symphonie satellite to 
French-speaking African nations for educational programming, 90 
and the European Space Research Organization announced plans 
to establish an operational regional broadcast syster. by 1980. 91 
Indonesia and Iran announced long-range >reparations for 
educational te,levision broadcasting via satellite, and Malaysia 
discussed its program to install 5,500 television and radio 
receivers and 2,000 electric generators in rural locations 
in order to improve its national educational system. 92 Altho~tgh 
the Malaysians plan to rely on terrest.ria1 distribution, they 
could become users of the Japanese satellite if costs prove to 
be sufficiently low. 
Although the technological developments justify some 
international institutional response, the magnitude of the 
response seems disproportionately large in comparison to the 
imminence of potentially abusive application. Ex~mination 
of the United Nations debates in direct broadcasting indicate 
the presence of three factors which have disrupted the processes 
which normally operate to establish an equilibrium between the 
forces which motivate technological development and those 
which support the creation of a regulatory institution to 
control abuses of the evolving technology. 
The first of these is the failure to gauge accurately the 
relationship between specific experimental developnents and the 
final technical configuration of a direct broadcast system 
which could be used for the purposes cited by proponents of a 
restrictive international legal regime. For example, the report 
of the first Working Group concluded that catellite transmission 
of television signais direct to unaugmented home receivers 
was "not foreseen for the period 1970-1985," because present 
technology did not possess the means to transmit sufficiently 
powerful' signals from satellites. A number of governments 
erroneously interijretcd this statement at future meetings of 
the Working Group to mean that telecasting directly to home 
installationc would begin in 1985. Actually, the Working Group 
concluded that it would not b e  economically practical at any 
time before 1985, and perhaps not for some time after that. 9 4  
National position papers submitted to later sessions of the 
Working Group based their analyses of the direct broadcast 
issues on the figures established during the first session. 
Not always accurate, the initial findings alarmed those nations 
concerned about propaganda and cultural imperialism, and may 
have added a notc of urgency to t5eir draft recommendations for 
the Working Group. 
The second factor which has upset the normal equilibrium 
between technological and regulatory interests is the failure 
to assess realistically the limitations imposed on operational 
direct broadcasting by economic factors. In those more 
developed countries which have equipped themselves at great 
cost with an extensive terrestrial network for the distribution 
of television programming, transition to operational use of 
direct broadcast satellites would cntail a radical realignment 
of the existing distribution uatterns. In the United States, 
for example, transmission to home receivers would eliminate 
the need for local television stations, the common carrier land 
lines connecting the local stations with the central program 
production facilities of the major television network organi- 
zations and cable television companies. Understandably, 
therefore, special interest groups have opposed the use of 
direct satellite broadcast.ing for national programming. Until 
a reliable economj- analysis balancing the cost of the necessary 
realignment against the benefits of a direct broadcast network 
has been made, countries already possessing extensive television 
distribution networks are not likely to make a rapid transition 
to direct broadcasting. 
For those reasons, the newly evolved technology will 
probably b e  most beneficial to t h e  less developed countries. 
Such states generally have television broadcast facilities 
which serve only a few major citics. The construction of a 
comprehensivs national network using conventirnal ground 
facilities is often economically unfeasible due to the present 
cost of hardware. The broadcast satellite can dramatically 
reduce these coc:ts, especially when serving a large geographic 
area, difticult terrain, or a widely dispersed population. 95 
In addition, a direct broadcast television network could 
become operational in a fractio? of the time needed to construct 
a terrestrial system based on cable snd microwave. Both of 
these factors recommend direct broadcasting to such nations 
as Brazil, India and Indonesia, where topographical features 
prevent the construction of truly nstional television systcms. 
Once operational, a direct broadcast system could contribute 
significantly to national development by facilitating national 
integration and improving the quality of the c~untry's educa- 
tional system. 96 In addition, users of direct broadcasting 
would probably reap other less direct benefits, including 
national economic development an" lccess to foreign and 
international information rewurces. 
Despite the relatively large range of advantages to be 
derived from direct broadcasting by those countries which do 
not yet have an extensive investment in terrestrial distribution 
systems, two main economic impediments still delay operatianal 
use by those countries. First, the cost of operating a direct 
broadcasting satellite system will still remain prohibitively 
expensive for individual less developed countries. At the 
United Natioils Panel Meeting on Satellite Broadcasting Systems 
for Education, sponsored by CPUOS in Tokyo during February 
andeMarch, 1974, the UNESCO representative presented an analysis 
. . 
of the financial requirements for satellite broadcasting, 
concluding that a viable system dedicated exclusively to 
educationzl television would require a population base of 
100 million, assuming a gross national product of $200 per 
capitaeg7 He further noted that other combinations of popula- 
tion and income could lead to viability, and that Iran, for 
exanple, cotild su-port a viable direct broadcast educational 
network with a population of thirty million, but a $1,000 per 
capita income. 38 By the same formula, if the annual per capita 
income were $100 - -  the prevailing income level of many African 
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and Asian nations - -  it would take a population of 200 million 
to support the satellite system. Ir these cases, therefore, 
the introduction of satellite television will depend upon 
cooperative arrangements on a regional basis," on the use 
of multipurpose satellites capable of telephone and data 
switching, as well as television broadcasting, and on inter- 
national financial and technical assistance. 
The ~econd economic factor is the shortage and high cost 
of ground receivers. At present, few Third World states have 
an adequate number of receivers to make any form of television 
broadcasting useful. In Asia, for example, only Japan and 
Singapore have enough television sets per capita to meet the 
minimum standard established by UNESCO as necessayy if television 
is to serve as a useful educational tool. loo Tllc shortage 
of standard receivers is compoundec! by the fafzt that, at the 
current state-of-the-art, standard ground r2ceivers require 
ext-ensive augmentation to pick up the rel~~tively weak signals 
transmitted by the satellites now in orbit. Augmentation 
increases the pr ice  of both individual receivers and the entire 
receiver network. 
The report of the first Norking Group estimated the cost 
of modifications to standard tele\ision receivers necessary 
for use as community receivers ad: $150, while the cost for 
modification of home receivers was estimated at $40 - $270. 101 
The high cost of the receivers places them beyond the reach 
of the vast majority of individuals in nearly every country. 
Hence, in the absence of subqtantial governmental assistance, 
economic factors will prevent the establishment of a network 
of receivers which is both capable of receiving signals 
broadcast directly from outer space and large enough to justify 
the enormous investment needed to establish the space segment 
of a direct broadcast network. The necessity of governmental 
assistance in establishing the receiver network facilitates 
governmental control and hence provides added protection against 
potentially abusive application. 
The third factor disturbing the balance between technolo- 
gical and regulatory pressures is the failure of direct 
broadcasting antagonists to understand the extent to which 
existing technical regulations parform the functions of the 
proposed international legal principles. The most important 
examples are the ITU regulations which restrict satellite 
t.elecasting to frequencies several times higher than those 
normally used by standard television receivers, lo2 and those 
which require the broadcaster to use all means technically 
availabl~ to reduce as much as possible the signal radiation 
over the territory of other countries in the absence of an 
agreement to the contrary. lo3 The first group of regularions 
increases the complexity and, therefore, the cost of the 
necessary receivers, thus reinforcing the cconomic factors 
limiting the application of direct broadcast technology. The 
second group is arguably identical in effect to the prior 
consent regime supported by advocates of a restrictive approach 
to the technology. 
An international consensus on principles to govern direct 
broadcasting should strike an effective balance between the 
interests motivating technological progress and those advocating 
a restrictive regulatory response. At present an imbalance 
exists in favor of regulation, with the consequences, first, 
that the implementation of the technology is likely to be 
deterred, and second, that agreement in the international 
area is unlikely until an equilibrium is established. While 
policy considerations may dictate some regulation at this time, 
any regulatory scheme should reflect a realistic assessment 
of the impediments to technology applications already established 
by technical and economic factors and existing regulation. 
Although the delegates to the fifteenth session of the Legal 
Sub-committee were unable to reach a consensus on the key 
issues of prior consent, program content and spillover, the 
foundation for cospromise seems to be present, and an effective 
accommodation of the cumpeting interests upon that foundation 
should bring to fruitio~i attempts to establish preliminary 
international regulatory structures to di-iect the development 
of direct broadcast technology. 
Negotiations in the Working Group and the Legal Sub- 
committee have failcd thus fzr to reach agreement on the key 
questions of prior consent, program content, spillover and 
equal access, lo4 and the resolution of these points of conflict 
would make possible the e~tablishm~nt of a consensus on a 
full range of general principles to guide che development of 
direct broadcast technology. The evolution of national 
positions during the fifth session of the Working Group and the 
fourteenth and fifteenth meetings of the Legal Sub-Committee 
suggests that agreement will be reached in the next few years 
on a set of principles designed to protect the interests of 
those states concerned with direct broadcasting's potential 
for abuse without imposing undue restriction on, and consequently 
delaying, the development and operational implementation of 
the technology. The discussion below projects probable bases 
for compromise derived as a result of examination of the key 
points of conflict remaining after the May 1976 session of the 
Legal Sub-Committee. 
1 .  L i r n i t c d  Prior C o n s e n t  
The growing pressure for protection against real or 
imagine4 abuses of the technology suggests that the final 
declaration of principles probably will center around a 
provision which would permit direct broadcas,cing only when the 
receiving state has given its express consent. Nearly every 
proposal before the Working Group and the I.egal Sub-Committee 
has recomqended the establishment of a prior consent regime, 10s 
and the United States has been the only major dissenter. 
Three main arguments have been raised against the adoption 
of a prior consent rule. First, prior consent is said to 
abrogate the principle of the free flow of information embodied 
in the Universal Declaration of Iluman Rights and other inter- 
national instruments. lo6 However, the principle, even if 
established as binding upon all nations, is not absolute. In 
the International Covenant on Civil and Political Rights, for 
example, Article 19(2) delineates the free flow principle. In 
the third paragraph of that article, however, certain restric- 
tions are permitted, including those for the preservation of 
the rights and reputation of others, and the protection of 
the national security, the public order, and public health 
and morals. Also imposing limits on the free flow principle, 
Article 20 provides: 
1. Any propaganda for war shall be prohibited 
by law. 
2. Any advocacy of national, racial or religious 
hatred that constitutes incitement to dis- 
crimination, hostili y or violence shall be 
prohibited by law. 105 
Thus, the argument that the principle of free flow of informa- 
tion would be improperly abrogated by a principle granting 
a receiving state a right of prior consent may exaggerate the 
1 scope and legal significance of the principle. A better 
approach would be to provide for a flexible balance with 
other principles. 108 
The 3econd major argument against the prior consent 
principle is that any restrictive regulation is, for the 
near future at least, premature. The problems likely tc 
arise with the use of direct satellite broadcasting cannot 
be effectively cvaluatcd at this time, first, because the 
necessary technology is not yet adequately developed, and 
second, because no country has concrete plans to deploy an 
operational system capable of broadcasting directly to 
unaugmented receivers. log That argument could be allayed 
significantly by the decision to approve a declaration of 
principles rather than a binding treaty. 
Another argument against prior consent is that although 
such a rule would dispel fears of intrusive transmissions, 
it could also frustrate the development of direct broadcasting 
technology. 'lo Rejection of prior consent, however, seems 
equally likely to hinder rather than promote technological 
development. The United States, for example, is interested 
primarily in broadcasting by commercial entities. If these 
entities intend to broadcast normal commercial programming 
based on advertising, most receiving states seem unlikely to 
take the steps necessary to make direct broadcasting commer- 
cially feasible, especially by encouraging production and 
installation of augmented receivers. If these elements are 
absent, direct broadcasting based on commercial programming 
would remain unprofitable for some time. If, on the other 
hand, broadcasters would provide only educational programming, 
direct brczdcasting could become profitable, but only under 
contract with the receiving state. In that case, however, 
the receiving state would undoubtedly insist on some control 
with respect to frequencies used, broadcasting time, and at 
least to some extent, over the nature of the programming. 
By accepting a prior consent rule, the United States 
could expect to derive important benefits, including the 
creation of an atmosphere conducive to early widespread 
implcmcntation of operational direct broadcasting. The 
establishment of such a rule would facilitate bilateral and 
multilateral exchanges leading sventually to the creation of 
regional organizations for satellite broadcasting. 'lZ In 
addition, the United States could expect to gain support from 
those countries which traditionally support the free flow of 
information, but which have advocated a prior consent rule to 
prevent the imposition of one country's values on others through 
direct broadcasting. '13 Finally, rapid implementation would 
maximize the benefits the United States expects to derive from 
the export of direct broadcasting hardware and technical 
assistance. 
The acceptability of a prior consent regime to proponents 
of the free flow principle is also dependent upon the content 
of other components of the legal regime. The Soviet Union, 
for example, has consistently tied its prior consent proposal 
to principles limiting program content. The Swedish-Canadian 
proposals have omitted any mcntion of program content, preferring 
to leavc any limitations to specific agreements between the 
broadcasting and receiving states Since the negotiations 
necessary for a prior consent regime would probably give the 
receiving state some control over content, the Swedish-Canadian 
approach seems likely to prevail, because it gives z.!:quate 
protection against offensive programming, while avoiding the 
difficult and excessively time-consuming process of negotiating 
a set of limits on program content which would be both effective 
and universally acceptable. 
The Swedish-Canadian prior consent rule has, however, 
been criticized as giving inadequate protection to the free 
flow of information, because it fails to place adequate limits 
on the receiving state's right to deny its consent. As presently 
drafted, the joint proposal would apparently permit the 
receiving state to withhold its consent arbitrarily and without 
any obligation to consider the principle of free flow of 
information. In addition, the Swedish-Canadian recomrnen- 
dations seem to permit the receiving state to withhold its 
consent on a program-by-program basis. Such an extensive right 
of review would permit prior restraint on free speech and 
would, by permitting official examination of each program, 
unnecessarily burden the flow of information across national 
borders. 117 
Two sets of limitations on a strict prior consent rule 
wiil probably result from the pressure to preserve an atmosphere 
conducive to technological progress. First, where the broadcast 
signal is not a-tually receivable in the receiving state with 
available equipment, consent is not likely to be required. 118 
Second, the negative effects on the free flow of information 
of an unlimited consent requirement could be mitigated by 
tailoring the requirement closely to the optimum balance between 
casting distinguishes among four main categories of programming, 
and recommends basic principles for each type. Article V(1) 
the free flow of information and the purposes for conditioning 
the right to broadcast on the receiving state's consent. The 
1972 UNESCO declaration on guiding principles for direct broad- 
declares that the main objective of direct broadcasting with 
respect to the free flow of information is "to ensure the widest 
possible dissemination among the peoples of the world, of 
news of all countries, developed and developing alike. 119 
The second paragraph of Article V imposes no requirement on 
news broadcasts other thaq to make every effort to ensure 
factual accuracy and to identify the source of the news 
broadcast and, where appropriate, of particular news items. 129 
In the case of direct broadcast news programming, the receiving 
state's right to consent will be limited to the right to 
demand assurances of the factual accuracy and identification 
of news sources. 
Article VI of the UNESCO declaration establishes the right 
of the receiving state to determine the content of educational 
programming broadcast via satellite to its people and, in 
cases where such programming is produced in conjunction with 
other countries, to take part in the planning and production 
on an equal fuoting. lZ1 The receiving state's interest in 
preventing propagandistic or otherwise offensive programming is 
strongest with respect to educational programming. In that 
area, receiving states will probably secure a relatively 
unrestrained right to deny their consent. 
The interest of the receiving state is somewhat weaker 
in the case of cultural programs, including artistic performances 
and sporting events. In such cases, the UNESCO declaration 
called for a balance between the enrichment of all cultures 
through cultural exchang~, while respecting the values of each 
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culture and the right of all peoples to preserve their cultures 
as part of the "common heritage of mankind. "lZ2 Debates in the 
Legal Sub-committee suggest the evolution of a consensus on a 
provision permitting the receiving state to deny its consent 
to cultural programming only where it can demonstrate that sub- 
stantial harm to its own culture would result from transmission 
of the challenged program. 123 
The final programming category delineated by the UNESCO 
declaration related to commercial advertising. Implicitly 
recognizing the potentially disruptive influence of consumer- 
oriented advertising originating in more advanced societies, 
the UNESCO declaration called upon the broadcasting state to reach 
a specific agreement with the receiving state prior to the trans- 
mission of commercial advertising. '' Since advertising is one 
of the programming areas most threatening to less developed 
states, lZ5 and since the free exchange of advertising is less 
essential to values underlying the free flow of information than 
other types of programming, 12' the establishment of a relativbly 
unrestricted right of the receiving state to deny its consent 
appears probable. The inclusion of a principle giving the receiv- 
ing state the right to deny its consent--subject to the conditions 
described above--to direct satellite broadcasts would provide 
an optimum balance between legitimate interests in both the free 
flow of information and national political and cultural integrity. 
2. Spillover 
Another criticism of the prior consent rule is that it 
would interfere with direct broadcasting by giving the right to 
deny consent not only to the intended receiving state, but also 
to any neighboring state inadvertently irradiated by the satellite. 127 
Initially, spillover is not likely to be a major source of fric- 
tion because the first direct broadcast systems will probably 
be national systems in large, underdeveloped count~ies, followed 
shortly by regional systems based on regional linguistic and cultural 
similarities. 128 
Once spillover bec~mes a source of conflict, however, the 
undesirable effects could be limited through the exercise of control 
by the government of the receiving state over community receivers. 
That solution, however, carries several undesirable consequences. 
First, the cost of avoiding the effects of spillover would be 
borne entirely by the receiving state. 12' The costs include not 
only thc financial cost, but also the political costs of appearing 
to impose censoiship for the benefit of the government. Second, 
government control of receivers would tend to subjugate freedom of 
information to direct and indirect assertions of national security 
interests. 130 
The Legal Sub-Committee is more likely to place the burden of 
reducing spillovcr on the broadcasting state, thereby providing 
some protection to the spillover states, while reducing the incen- 
tive for receiving states to exert international political pressure 
for broader restrictions. The growing consensus is based primarily 
on Article 7, S 4 2 8 ~  of the Radio Regulations adopted by the ITU 
a t  its 1971 convention. Paragraph 4 2 8 A  requires the broadcasting 
state to reduce spillover to the maximum extent practica5le unless 
a prior agreement has been reached between the broadcasting state 
and the states receiving spillover. Building on that founda- 
tion, the Swedish-Canadian proposal to the fourth and fifth 
sessions of the Working Group provided that the right of consent 
shall apply in those cases: 
(a )  where coverage of the territory of a foreign 
State entails radiation of the satellite signal beyond 
the limits considered technically unavoidable under the 
Radio Regulatians of the International Telccornmunication 
Union or 
(b) where notwithstanding the technical unavoid- 
ability of spill-over to the territory of a foreign 
State, the satellite broadcast is aimed specifically at 
an audience in that State within the area of spill- 
over . . . . 132 
Tho Legal Sub-committee could yield to pressure by the United 
States to extend the Swedish-Canadian proposal so tkat the limited 
prior consent rule as described above would apply in all cases 
except where: 
1) the elimination of spillover is considered technically 
impossible under the present state of the art, as deter- 
mined in accord with the ITU Radio Regulations; 
2 )  the direct broadcast system is entireljr domestic in 
character; or 
3) the broadcast, although irradiating a part of the 
complaining state's territory, is not actually receivable 
using standard or easily augmented receivers readily 
available in the area irradiated. 
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A second paragraph woald restore the right to deny consent wnere 
the spillover brbadcast was aimed specifically at an audience 
within the receiving state. A third paragraph taken frcm the 
Soviet draft declaration submitted to the fifth session of the 
Korking Croup could be added to the spillover brticie to ensure 
that international cooperation and consultation will govern the 
relations between broadcasting and receiving states with regard 
to spillover: 
1. If any State has reason to believe that activi- 
ties connected with direct television broadcasting 
planned by that State will cause potentially harmful 
interference to other States or will lead to uninten- 
tional radiation of their territory, it shall hold 
appropriate consultations before undertaking such 
activities. 
2. If a State has reason to believe that uninten- 
tional radiation of its territory will occur as a 
result of direct television broadcasts by another 
State, it may request that appropriate consultations 
be held. I f ,  as a result of such unintentional radia- 
tion, foreign programmes can be received in the 
territory of a State by ordinary receivers or by 
receivers fitted with si&~ple additional devices, the 
broadcasting State shall immediately enter into con- 
sultations with the former State on its request 1 3 3  
regarding the content of the programmes received. 
P a r t i c i p a t i o n  o r  Equal  Access 
A further controversial issue is the question whether 
receiving states should participate in the use of direct broadcast 
~ystems, The 1972 UNESCO declaration of principles for direct 
broadcasting set forth the right of the receiving state to 
participate on zn equal footing with any other state in the pro- 
ductiolt of education21 programing crestincd for the receiving 
state. The Swedish-Canadian draft declaration submitted to the 
fifth session of the Working Group went further, giving the 
receiving state not only the right to deny its consent to satellite 
broadcasting, but also to participate i~. activities related to 
programming broadcast into its territory. It has further been 
proposed that all states receiving broadcasts should have the right-- 
in law and in fact--to have access to the system on an equal foot- 
ing, including the rights of access to transmitters and to suffi- 
cient international assistance to enable those states to make 
meaningful use of the access rights. 136 
Both the UNESCO and Swedish-Canadian participation principles 
are intended to enhance the receiving state's ability to influence 
the programming broadcast to its citizens. In Article V I ( 2 ) ,  
the UNESCO version gives the receiving state the right to parti- 
cipate on an equa: footing in the planning and production of pro- 
gramming, but only as an adjunct to the provision proclaiming the 
right of the receiving state to determine the content of educational 
programming. 13' By including its participation provision in the 
general prior consent paragraph, the Swedish-Canadian draft 
declaration extends the right to participate to encompass all types 
of programming and all stages of programmi~g activities. 138 
The inclusion of a right of participation for the purpose of 
ensurizg the receiving state's power to affect the content of 
broadcasts beamed to it would alter the balance in favor of those 
interests demanding that the receiving states* cultural m d  politi- 
cal integrity be protected against the intrusion of unwanted foreign 
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broadcasting over the interests in realizing the benefits of direct 
broadcasting through operational use. As a result, operational 
application wogld probably be delayed substantially. 
A second rationale advanced for inclusion in the proposed 
declaration of a principle permitting the receiving state to parti- 
cipate in direct broadcasting over its territory is to give effect 
to the principle of free flow of information. 13' on numerous 
occasions, potential broadcasting states, particularly the United 
States, have based their arguments supporting an unrestrictive 
regulatory scheme for direct broadcasting at least partially on 
the contention that a rcstrictivc regime would inhibit the free 
flow of information. 140 
Sound policy considerations support the integration of the 
free flow principle into the structure of legal principles to 
govern direct broadcasting. At present, the two most important 
requirements for effective development of satellite commul.ication 
technology for operational use are, first, the uninhibited exchange 
and testing of information and ideas, and second, the assurance 
that the value of investments in development will not be nulli- 
fied by the imposition of unnecessarily restrictive regulations 
upon innovative systems. A legal structure designed to promote 
rather than inhibit the free flow of information will encourage 
designers and planners to explore the potential uses and benefits 
of recent technical advances. 
Viewed pragmatically, however, the principle of free flow 
of information is reduced to a fiction unless it is coupled with 
a second principle calling upon the international community to 
promote development of satellites and ground facilities in such a 
way as to facilitate access to transmitter and program production 
facilities by any state willing to contribute to development and 
operating costs. In the absence of an equal access clause, 
free flow of information would probably mean a unidirectional 
flow from the more developed countries to the less developed. The 
principle cf free flow opposes not only unnecessary limitations on 
the influx of information frbm abroad, but also monopolization 
of a medium for ideological purposes. l4' That potential imbalance 
is the source of the fears of cultural and economic imperialism 
expressed by potential receiving states, with detrimental effects 
for both international cooperation and technology development. 
The inclusion of an equal access provision, however, would both 
allay those fears and set in motion a search for means to achieve 
the goal of equal access without sacrificing the interests of the 
broadcasting states. 
Although an equal access principle is likely to be included 
in a declaration of principles, the lack of certainty regarding 
the circumstances under which operational direct broadcasting 
will be conducted makes necessary a particularly careful choice 
of language to avoid interference with the balance of interests 
established in the preceding discussions of the prior consent 
and spillover provisions. The form of the final participation 
provision probably will parallel the principle presented by the 
United States in its draft declaration submitted to the fifth 
session of the Working Group. This draft entitles every state 
to share in the benefits of direct broadcasting and provides 
further that such sharing "should increasingly include, as prac- 
tical difficulties are overcome, opportunities for access to 
the use of [direct broadcasting] technology for the purpose of 
sending as well as receiving broadcasts. As this right 
of access becomes available from a practical standpoint, alloca- 
tion of transponder time should be made available on a non-dis- 
criminatory basis. 
Presumably, a receiving state would exercise its right to 
obtain transponder time on a non-discriminatory basis at least 
initially for the purpose of transmitting its own programming 
to its own citizens. Self-sufficiency in that qense is desirable, 
and broadcasting states should be encouraged ..rovide the tech- 
nical assistance necessary to achieve that goal. To impose an 
obligation to provide such assistance is, lawever, unnecessary 
since investment I 3  technical assistance would provide a two- 
fold return. First, increased interest in cf-irect broadcasting 
systems would accelerate demand for the exportation of the 
necessary technical equipment and software expertise from the 
broadcasting states. 143 Second, an increasina right of partici- 
pation would create a greater community of interests between 
broadcasting and receiving states, with the result that the 
latter would promote rather than inhibit the operational appli- 
cation of direct broadcast technology. 
11. IMPLICATIONS OF THE CPUOS DEBATES ON EARTH RESOURCES 
SATELLITES FOR SPACE INDUSTRIALI-ZATION 
The second set of current activities which is likely to 
influence the future development of international space law 
centers around the CPUOS debates relating to international principles ! 
to govern the use of earth resources satellitcs. Consideration 
of the earth resources satellite issue began with the establish- 
ment of the Working Group on Remote Sensing of the Earth by Satel- 
lites.' The CPUOS Legal Sub-Committee devoted a small portion 
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of its 1977 session to a preliminary review of relevant issues. 
Since then satellite remote sensing has had significa7lt attention 
in each subcommittee session. 
A. Main positions 
During the evolution of the satellite remote sensing debates, 
three major blocs have emerged. The main tenets of each posi- 
tion are represented in a series of three proposals for interna- 
tional guidelines for the use of earth resources satellite tech- 
nology. 
1 .  A r g e n t i n a  and B r a z i l :  T r e a t y  o n  Remote Sensing 
o f  N a t u r a l  -- R e s o u r c e s  b y  Means o f  S p a c e  Y e c h n o l o q y ,  
Draj't B a s i c  P r i n c i p l e s  
At the 1974 session of the General Assembly, the 
delegations of Argentina and Brazil jointly submitted a draft 
treaty to govern satellite remote sensing.3 The draft is now 
co-sponsored and strongly supported in all of its provisions 
by each of the other Latin American delegations represented on 
CPUOS: Mexico, Venezuela and Chile. Although a number of 
delegations privately express support for the Latin American 
submission, only the Latin American delegations have argued 
directly for adoption of the draft treaty. 
The tone of the draft is established in its preamble, where 
it refers both to consequences of the implementation of remote 
sensing technology "which create legal problems that require an 
immediate  and e q u i t a b l e  s o l u t i o n  i n  t h e  framework of a g e n e r a l  
t r e a t y  . . . I r  and to the concept of permanent sovereignty over 
natural resources, which allegedly gives a state the sovereign 
' right to control not only the natural resources located within its 
territory, but information regarding those resources as well. The 
need for a binding international legal framework is a recurrent 
theme in formal speeches and private conversations not only 
among the Latin American delegations, but among the Third World 
and Soviet bloc delegations as well. 
The Latin American draft trzaty proposes in Article V to 
implement the alleged rights of permanent sovereignty over natural 
resources by imposing a duty on any state engaged in earth resources 
satellite activities to refrain from gathering data from the terri- 
tory of any state which had not consented. In addition, Article IX 
would prohibit any state obtaining information regarding the 
natural resources of another state through satellite remote 
sensing from conveying such information in any manner "to a third 
state, international organization o r  p r i v a t e  e n t i t y ,  without 
the express consent of the [state] to which the natural resources 
belong . . ." If entered into force, these prohibitions would be 
strengthened by Article XI I I which contains a provision similar 
to that in Article V1 of the 1967 Outer Space   re at^^ imposing 
on each state the responsibility to ensure the compliance of its 
nationals, including commercial entities, with established 
rules of international law. Article VT of the Latin American 
proposal would permit a party to the draft treaty to take all 
measures authorized by international law to protect its territory 
against any unauthorized surveillance. Both pr~hibitions could 
interfere with the provision of commercial earth resources 
services. 
If one party to the proposed treaty authorized another to 
gather information regarding the formcr's natural resources, the 
draf.: treaty would provide the former with specified benefits. 
In exchange for its consent, Article VII would entitle the 
surveillcd state to participate in the s~tcllite remote sensing 
activities of the state granted ccnsent on the basis of arrange- 
ments made during negotiation of consent, except that as a minimum 
such arrangements must include a guarantee that the sensing state 
will provide technical assistance to the consenting surveilled 
state. In addition, once the latter has given its consent, 
Article VIII of the draft would give it the right to full and 
unrestricted access to "a11 datz obtained through those activities." 
That provision does not specify whether or not "all data" is 
limited to data related to the surveilled state's territory. 
However, such an interpretation seems correct, in light of draft 
Article IX, wh,ich would prohibit the sensing state f-om distri- 
buting any earth resources data it had gathered relating to the 
territory of another state without the express consent of the 
surveilled state. 
In summary, the Argentine-Brazilian Draft Treaty would: 
1. impose legally binding obligations under international 
law; 
2. subject satellite remote sensing activities to the 
prior consent of the sensed state; 
3. subject data dissemination activities to the prior 
consent of the sensed state; and 
4. require participation and broad-scale technical assis- 
tance as consideration for the consent of the sensed 
state. 
2 .  France  and t h e  S o v i e t  U n i o n :  Draft P r i n c i p l e s  
Governing A c t i v i t i e s  of S t a t e s  i n  t h e  F i e l d  o f  Remote  
S e n s i n g  of E u r t h  R e s o u r c e s  b y  Means o f  Space T e c h n o Z o g y  
The second proposal currently before the Committee on 
the Peaceful Uses of Outer Space was presented jointly by the 
Soviet and French delegations in May 1974.~ At present, the 
Soviet-Freqch draft declaration enjoys monolithic support from 
the Eastern European members of the committee: Bulgaria, 
Czechoslovakia, the German Democratic Republic, Hungary, Poland, 
and Romania. In addition, the proposal shares with the Latin 
American draft treaty the stlpport of a number of non-aligned and 
Third World countries including Egypt, Iran, Chad, Mongolia and 
Nigeria. 
The t h c o r c t  i c a l  u n d c r p i n n i ~ g  o f  t h c  S o v i e t - I : r c n c h  d r a f t  
r e s e m b l e s  t h a t  o f  t h e  L a t i n  American a p p r o a c h ,  b u t  d i f f e r i n g  
i n t e r e s t s  h a v e  c r e a t e d  some i m p o r t a n t  d i v e r g e n c e s .  
A f t e r  r e s t a t i n g  t h e  p r i n c i p l e s  i n  Art icle  I  a n d  I 1 1  o f  
t h e  O u t e r  Space  T r e a t y  r e l a t i n g  t o  f r e e  u s e  o f  o u t e r  s p a c e  a n d  
c o m p ? i a n c e  w i t h  i n t e r n a t i o n a l  l aw and  t h e  U n i t e d  N a t i o n s  C h a r t e r ,  
t h e  S o v i e t - F r e n c h  d r a f t  c a l l s  upon s e n s i n g  s t a t e s  t o  r e s p e c t  
i n  p a r t i c u l a r  t h e  p r i n c i p l e s  o f  s o v e r e i g n t y ,  p l a c i n g  s p e c i a l  
e m p h a s i s  on t h e  r i g h t  of  a  s t a t c  t o  e x e r c i s e  permanc8 .. s o v e r e i g n t y  
o v e r  n a t t r a l  r e s o u r c e s  a s  a b a s i c  e l e m e n t  o f  s e l f -  b re rmi~l  c i o n .  6 
However, r a t h e r  t h a n  a p p l y i n g  s t r i c t  p r i o r  c o n s e n t  p r o v i s i o n s  
l i k e  t h a t  c o n t a i n e d  i n  t h e  d r a f t  t r e a t y  t o  t h e  g a t h e r i n g  of e a r t h  
r e s o u r c e s  d a t a  by s a t e l l i t e ,  t h e  S o v i e t - F r e n c h  p r o p o s a l  would 
implement t h e  c o n c e p t  o f  pe rmanen t  s o v e r e i g n t y  o v e r  n a t u r a l  
r e s o u r c e s  p r i m a r i l y  by g r a n t i n g  t h e  s u r v e i l l e d  s t a t e  t h e  r i g h t  
t o  deny i t s  c o n s e n t  t o  d i s s e m i n a t i o n  o f  i n f o r m a t i o n  r e l a t e d  t o  
i t s  r e s o u r c e s  t o  any  p r i v a t e  p a r t y ,  i n t e r n a t i o n a l  o r g a n i z a t i o n ,  
o r  o t h e r  government ,  o r  u s i n g  t h e  d a t a  j n  a n y  o t h e r  manner d e t r i -  
m e n t a l  t o  t h e  i n t e r e s t s  o f  t h e  s u r v e i l l e d  s t a t e . '  An e x c e p t i o n  
would p e r m i t  t h e  s e n s i n g  s t a t e  t o  make p u b l i c  w i t h o u t  t h e  c o n s e n t  
o f  t h e  s u r v e i l l e d  s t a t e  i n f o r m a t i o n  r e l a t i n g  t o  n a t u r a l  d i s a s t e r s  
o r  phenomena d e t r i m e n t a l  t o  t h e  g e n e r a l  e n v i r o n m e n t .  8 
I n  o t h e r  r e s p e c t s ,  t h e  d r a f t  d e c l a r a t i o n  i s  s i m i l a r  t o  t h e  
L a t i n  American p r o p o s a l .  A r t i c l e  4 would r e q u i r e  t h e  s e n s i n g  
s t a t e  t o  r e l a y  d a t a  r e g a r d i n g  t h e  t e r r i t o r y  o f  a n o t h e r  s t a t e  
t o  t h e  l a t t e r  on m u t u a l l y  a g r e e a b l e  t e r m s .  I n  a d d i t i o n ,  t h e  
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surveilled state would be granted the right to participate in the 
remote sensing activities of the sensing state on the basis of 
a consensus between the two states. Finally, the Soviet -French 
proposal would permit any state to receive and process on the 
basis of equality and on mutually acceptable terms earth resources 
satellite information relating to territory outside the juris- 
diction of any state. 10 
The primary reason for the Soviet Union's opposition tc a 
prior consent regime with respect to data acquisition i: that it 
intends to expand its activities in the field of remote sensing 
and does not wish to be limited by restrictive principles or 
treaty provisions. At the 1977 session of the CPUOS Scientific 
and Technical Sub-committee, the Soviet delegation mad2 numerous 
references to Soviet activities in the area of satellite remote 
sensing. Thc Soviet Union has attempted privately to per- 
suade the United States to accept prior consent with regard to 
data dissemination in order to ensure ultimate adoption of an 
international regime which would not limit data acquisition 
activities. 
The Soviet position on the question of conmercial imple- 
mentation of the technology should be carefully monitored, since 
the Soviets currently consider the sale of earth resources data 
and services to be inappropriatc. Although it is possible that 
Soviet opposition is based solely on its argument that no legal 
basis currently exists for the sale of those items, a more 
credible explanation is ideological resistance to "capit,alist 
enterprise." In the CPUOS debates on direct broadcast satellites, 
the Soviets have proposed that activities by non-governmental 
entities be prohibited. 
If adopted, the Soviet-French draft declaration would: 
1. not in itself impose legally binding obligations on 
members of the international communif:y; 
2. permit data acquisition via satellite in the absence 
of the prior consent of the sensed state; 
3. subject data dissmination to the prior consent of 
the sensed state: and 
4. place participation of the sensed state in the earth 
resources satellite program of the sensing state on 
a contractual basis bctween the two states. 
3 .  U n i t e d  S t a t e s :  Rcmote Sensing o f  t h e  Natural  
Environment of  t h e  Earth from Outer  Space,  Working. 
Paper on t h e  Pevelcpment o f  A d d i t i o n a l  G u i d e l i n e s  
In the context of these drafts the United States issued 
a working paper based on the considerations that the optimum 
benefits from earth resourccs satcllitc technoiogy will depend 
on international cooperation and the sharing and use of data 
on a regional and global basis.'' The keystone of the working 
paper is the ?revision in Articlc I that remote sensing shall be 
conducted in 
accordance with the ,winciples of thc United Nations 
Charter, the Treaty on Principles Governing the 
Activities of States in the Exploration and Use of 
Outer Space, including tne Moon and Othcr Celestial 
Boaies, and other generally accepted principles of 
international law rel~ting to man's activities in 
outer space. 
The reference to rhe 1967 Outer Space Treaty is particularly 
important in that respect, because it provides the legal 
foundation for the United States delegation's resistance to prior 
consent in any form. Article 1 1 2 )  of the Outer Space Treaty 
provides : 
Outer space, including the moon and other celestial 
bodies, shall be free for exploration and use by all 
States without discrimination of any kind, on a basis 
of equality and in accordance with international law, 
and there shall be free access to all areas of 
celestial bodies. 
The American delegation has argued repeatedly, first, that this 
"free use" principle authorizes all satellite remote sensing 
activities in the areas abote the vertical limits of territorial 
sovereignty, subject only to the requirement that contemplated 
uses be peaceful in nature, and second, that a prior consent 
requirement would be in direct conflict with the "free use" 
principle. 
Building on that foundation, Article IV calls upon states 
with satellite remote sensing programs to encourage the broadest 
feasible particjpation in appropriat2 phases of those program. 
In addition, Article V would req:~ire states receiving earth 
resources data directly from satellites to make that data available 
"to interested states, intcrnational organizations, individuals, 
scientific co~nnlunities and otllcrs on an equitable, timely and 
non-discrininatory basis." The same article encourages sensing 
states to facilitate sharing of earth resources data by publishing 
lists of publicly available data. 
To dispel concerns about mineral or grsin futures spccula- 
tion based on early reception of data, Article VI would require a I 
sensing state to distribute any data it acquires regarding the 
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territory of another state to its government as soon as practicable, 
and at least as soon as to any state other than the sensing state. 
In addition, sensing states would be required under the American 
draft to facilitate direct reception of data from earth resources 
satellites by other interested states on equitable terms, if 
technically possible. Further, Article VIII calls upon sensing 
states "within their capabilities to endeavor to assist on an 
equitable basis" non-sensing states in understanding the tech- 
niques and benefits of satellite remote sensirrg. Articles IX and X 
encourage rcgional cooperation as well as assistance by internationa 
organizations for the purpose of facilitating operational 
applications of earth resources satellite technology. 
The Uni:ed Ststes  ~:3rkirig p6pur differs in several signifi- - ,  
cant respects from thc two proposals described above. First, 
the Argentine-Brazilian submission is a draft treaty which, 
if cntsrcd into force would be legally binding upon the 
signatories. Although the Soviet-French proposal wao presented 
in the f o ~ m  of a draft dcclaration, which would be non-Finding 
if adopted, a large number of the Jclcgat-ons supporting that 
proposal have made reference both publicly and privately to 
the need for a binding international instrument, indicating 
reasonably strong support in that bloc for a treaty on remote 
sensing. In cont-ast, the United States working paper takes 
a  much l e s s  c o n c r e t e  app roach ,  a t  l e a s t  from a  l e g s 1  p e r s p e c t i v e ,  
o f f e r i n g  i n s t e a d  " p o s s i b l e  ~ p e r a t i v e  p r o v i s i o n s . "  The s t a r k n e s s  
o f  t h e  c o n t r a s t  i s  enhanced by t h e  f a c t  t h a t  t h e  main i s s u z  o f  
t h e  d e b a t e  ove r  t h e  form t h e  f i n a l  i n s t r u m e n t  s h o u l d  t a k e  i s  
n o t  whether  i; shou ld  be a  t r e a t y  o r  a  d e c l a r a t i o n  o f  p r i n c i p l e s ,  
bu t  r a t h e r  whether  a  d e c l a r a t i o n  s h o u l d  p r e c e d e  t h e  t r e a t y  
o r  whether  CPUOS shou id  d r a f t  a  t r e a t y  a s  t h e  i n i t i a l  s t e p .  
Most d e l e g a t i o n s  a r e  persuaded  t h a t  t h e  f i n a l  i n s t r u m e n t  w i l ;  
be - -  and ought  t o  br - -  a  t r e a t y .  The o n l y  remain ing  q u e s t i o n  
r e l a t e s  t o  t h e  p r e s e n c e  o r  absence  o f  i n t e r m e d i a t e  s t e p s .  
Second, t h e  Uni ted S t a t e s  working pape r  r e j e c t s  by omis s ion  
t h e  concept  o f  rermanent  s o v e r e i g n t y ,  a t  l e a s t  i n s o f a r  a s  it 
i s  s a i d  t o  ex t end  t o  t h e  r i g h t  t o  r e s t r i c t  a c c e s s  even t o  
i n f o r m a t i o n  r e g a r d i n g  a  s t a t c Y s  n a t u r a l  r c s w r c e - .  As a r e s u l t ,  
t h e  working - ape r  does  n o t  s u b j e c t  e i t h e r  a c q u i s i t i o n  o r  d i s s e m i -  
n a t i o n  3f ~ a r t h  r e s a u r c e s  d a t a  t o  t h e  c o n s c n t  o f  t h e  s u r v e i l l e d  
s t a t e s .  On t h e  c o n t r a r y ,  t h e  American d r a f t  promotes  a  p o l i c y  
of  open d i s s e m i n a t i o n  of  d a t a .  That  d i f f e r e n c e  i s  impor t an t  
i n  l i g h t  o f  t h e  s t r e n g t h  o f  t h e  suppor t  f o r  p r i o r  consen t  e v i -  
denced irk speeches  arid p r i v a t e  remarks  by r e p r e s e n t a t i v e s  o f  t h e  
membcrs o f  t h e  Committee on t h e  Peace fu l  Uses o f  Ou te r  Space .  
T h i r d ,  t h e  working paper  niakes r e ? e a t e d  r e f e r e n c e  t o  broad 
i n t e r n ~ t i o n a l  p a r t i c i p a t i o n  i n  t h e  remo:e s e n s i n g  a c t i v i t i e s  
o f  s p a c e  povrers,  t e c h n i c a l  a s s i s t a n c e  and r e g i o n a l  c o o p e r a t i o n .  
Although t h e  a t h e r  d r a f t s  make some r e f e r e n c e  t o  t h o s e  p r i n c i p l e s .  
r:,e American p r o p o s a l  t a k e s  a  r e l a t i v e l y  s t r o n g  p o s i t i o n .  The 
reaso i l ing  i s  t h a t  t h c  d e f e a t  a f  an  e a r t h  r e s o u r c e s  regime 
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bnscd on pr i c y  consent will only occur if the United Statcs can 
demonstrate a strong likelihood that substantial benefits will 
inure to other countries if thc American proposal is adopted. 
Fourth, the proposal submitted by the United States would 
not, likt the Latin American draft, impose international resyon- 
sibility on each statc for the activities of its nationals. The 
advantage of including such a provision in t h e  instrument 
ultimately adopted is that it implicitly recognizes and authorizes 
nun-governmental cntitics, cspccially corporations, to conduct 
operations in outer st,ace. The potential disadvantage that the 
government would be :esponsiblc for enforcing international 
legal prohibitions against its own nationals is not a new 
disadvantogc, sincc a sir11iSnr clause nppcars in Article VI 
of the 1907 Outer S p n c c  'I'rcnty . I f such a provision wcrc 
adopted by Cl'lJOS in thc context of tnrth resources technclogy, 
thc privat c s-ct or would Ilc ; ~ h l  c\ to nrpur that an intcrnat ional 
d-onscnsus approving commcrcinl satc l l i  t c  remote sensing 
a c t  ivit i c s  hac  been cstabl ishc*J, and that domestic policy 
shoultl , )c m ; l d r  c o n s  i 5 t  ent w it11 that consensus. 
11.1 su~i~n~ary , tl\c llni tcd Statcs posit io~? is based on the 
follo\;ing m:. in principles: 
1.  ncr ~)i-ior consent For cithcr satcllitc data 
;~cquisiticn or data Jisscwinntion; 
2 .  opc.~\ Jissenlii!,~t i on  of Jnta to any customer; 
3. Jisscminntion to scn:icd statc as soon as to 
any  otficr govcrnident ; anJ 
4. broad tech11 ical nssistancc and intcrnat ionol 
part icipation. 
B. Current Status of the Earth Resources Satellite Debate 
During its fifteenth session, CPUOS Legal Sub-Committee 
established a working group on the legal implications of remote 
sensing of the earth from outer space. On the basis of five 
"common elementsb derived from the draft declaration submitted 
by the Argentine, Brazilian, Soviet, French, and American 
delcgations, as well as from views expressed during the suh- 
committeet s fourteenth session, l2 the  ork king group formulated 
five draft principles applicable to satellite remote sensing 
during the 1976 session. In addition, the working group 
identified three new common elcments. 1 3  
As formulated by the Lcgal Sub-Committee, thc first draft 
principle provides: 
Reaote sensing of [the natural resources of the 
earth] [and its cnvironment] from outer spacc and 
international co-opcration in that field [shall] 
[should] be carried out for the benefit and in the 
intcrcsts of all countries [mankirlil] , irrespective 
of their degree of economic or sciertific development, 
and taking into consideration, in international co- 
operation; t'.e particular needs of the developing 
countries. 
Principle I is bascd on Article l(1) of the 1967 
Outer Spncc Treaty which rcquircs that the dsc of outer space 
be carried out for thc bcncfit and in the intcrcsts of all 
countries, irrespective of their dcgrce of economic or scier~tific 
development. The impact of the draft principle on operational 
implementation of remote sensing technology is dependent on 
1 llc cul l s t  l ' l l c - t  iorl of' t h e  1 ) a r a l l c l  l a n g u a g e  i n  A r t i c l e  I .  14 
Sorw CI'LIOS d e l  c g : ~  t i o n s  have  a r g u e d  t h a t  t h e  t r e a t y  l a n g u a g e  
e n t i t l e s  less  d c v c l o p c d  countries t o  e n j o y  t h e  b e n e f i t s  o f  
e a r t h  r c s o r i r c c s  s a t e l l i t e  t e c h n o l o g y  cven t h o u g h  t h e y  a r e  u n a b l c  
t o  c o n d u c t  i t ldcpenden t  s p a c c  p r o g r a m s .  I f  t h a t  p o s i t  i o n  
became ~ c n c r a l  l y  a c c e p t e d ,  t h e  r a n g c  o f  i n s t i t u t i o n a l  a r r a n g e -  
men t s  a v n i 1 a l ) l r  t o  t h c  U n i t e d  S t a t e s  f o r  i m p l e m e n t i n g  a 
n a t i o n a l  e i l r t l l  r c s o u r c c s  satellite s y s t e m  on  a n  o p e r a t i o n a l  
b a s i s  woulcl hrb l i m i t e d .  I n  p a r t  i c u l a r ,  t h c  o p t i o n  t o  p r o v i d e  
e a r t h  r c s o u r c  :s i n f o r m a t  i o n  s e r v i c e s  on a  commerc ia l  b a s i s  would 
be  j c o p n r d i z c d .  Rccause  o f  t h c  p o t e n t i a l l y  a d v e r s e  consequences 
f o r  1)ot 11 n a t  i o n a l  and i n t c r n n t  i o n a l  i n t e r e s t s  which  c o u l d  
r c ~ u l t  frolr~ ;lr!upt i o n  o f  t!lc r c s t r i c t  i v c  i n t e r p r e t a t i o n  o f  
Art i c l c  I o f  t l l r  O u t c r  S p a c c  T r e a t y  and P r i n c i p l e  I o f  t h e  
d r a f t  c l cc la r t l t  ion  on s ; i t c l l i t c  rcnlotc s e n s i n g ,  i t  a p p e a r s  t h a t  
a l l  sti!tc!; ,  i t l c l u ~ l i ~ l g  l c s s  d c v c l o p c d  c o u n t r i e s ,  w i l l  h c n c f i t  
most fro111 t l l i x  c -ombjnat ion  o f  o r g a n i z a t i o n a l  and l e g a l  principles 
which promote. i n i t i a t i o n  o f  c a r t h  r c s o u r c c s  i n f o r m a t i o n  s c r v i c e s  
on a n  opcrn t .  i o n n l  I I ; I . F ~ S  a s  q u i c k l y  a s  p o s s i b l e  t o  t h e  b r o a d e s t  
range o f  p o t e n t  i n 1  u s c r s .  I f  s c o p e  and q u a l i t y  o f  s e r v i c e  
provicl's t t ~ c  Il;~.;is f o r  i n t c r n ; i t i o n n l  p o l i c y  i n  t!lis a r e a ,  t h e  
restrict ivc. ;1!11~~-oacll would hc d y s f u n c t  i o n n l  . I lowcvcr,  i f  
n a t  iona 1 p a r t  i c  i ; , a t  i o n  i s  cons  i d c r c d  by t h e  i n t c r n a t  i o n a l  
community t o  bc more i m p o r t a n t  t h a n  s c r v i c e  c h a r a c t e r i s t i c s ,  
t h e  i n t c r p r c t n t  i o n  o f  P r i n c i p l e  I u r g e d  by the d e v e l o p i n g  
c o u n t  r i c s  i s  l i k c l y  t o  b e  a d o p t e d .  T h e  l a t t e r  a p p i o a c h  i s .  
however ,  n o t  l i k e l y  t o  b e  w i t h  t h e  n e a r - t e r m  i n t e r e s t s  o f  t h e  
e n t i t i e s  which d e c i d e  t o  i n v e s t  i n  t h e  i n d u s t r i a l i z a t i o n  o f  
o u t e r  s p a c e .  
The t e x t  o f  t h e  d r a f t  p r i n c i p l e  c o n t a i n s  t h r e e  se t s  o f  
b r a c k e t e d  words .  The f i r s t  p a i r  was a p p a r c n ~ l y  i n s e r t e d  as 
a r e s u l t  o f  t h e  s u g g e s t i o n  by t h e  U n i t e d  S t a t e s  d e l e g a t i o n  
.ha t  t h e  s c o p e  o f  t h e  d r a f ~  d e c l a r a t i o n  b e  expanded f rom 
n a t u r a l  r e s o u r c e s  t o  i n c l u d e  t h e  e n t i r e  n a t u r a l  e n v i r o n m e n t .  1 5  
I n  l i g h t  o f  t h e  p o s s i b i l i t y  t h a t  t h e  f i n a l  d e c l a r a t i o n  may b e  
somewhat r e s t r i c t i v e  i n  c h a r a c t e r ,  a n  e x p a n s i o n  o f  t h e  s c o p e  
o f  c o v e r a g e  h a s  g i v e n  r i s e  t o  some c o n c e r n  i n  t h e  p r i v a t e  
s e c t o r .  The s e c c n d  p a i r  o f  b r a c k e t s  r e s u l t e d  f rom d i s a g r e e m e n t  
among t h e  CPUOS d e l e g a t i o n s  r e g a r d i n g  t h e  s t r e n g t h  a f  t h e  
d e c l a r a t i o n  t o  be  a d o p t e d .  Ilowever, s i n c e  t h e  f i n a l  p r o d u c t  
i s  l i k e l y  t o  be  a  non.  b i n d i n g  d e c l a r a t i o n  o f  p r i n c i p l e s ,  t h e  
d i s a g r e e m e n t  i n  t h i s  p o i n t  i s  n o t  c o n s i d e r e d  s i g n i f i c a n t .  
The p r o p o s e d  u s e  o f  t h e  word "mankind" r a t h e r  t h a n  t h e  
word " c o u n t r i e s "  i n  t h e  t h i r d  s e t  o f  b r a c k e t s  may w e l l  r e s u l t  
i n  i n c r e a s i n g  r e f e r e n c e  t o  t h e  b r o a d e r  c o n c e p t  o f  t h e  "common 
h e r i t a g e  o f  mankind."  T h i s  b r o a d e r  c o n c e p t  h a s  been  embodied 
i n  G e n e r a l  Assembly r c s o l u t i o n s  and n e g o t i a t i o n s  r e l a t i n g  t o  
t h e  law o f  t h e  d e e p  s c a b c d , 1 6  a s  w e l l  as t o  t h c  moon t r e a t y  
p r e s c n f l y  u n d c r  c o n s i d e r a t i o n  by C P U O S , ~ '  and h ~ s  been u s e d  by 
l e s s  d e v e l o p e d  c o u n t r i e s  t o  a s s u r e  a c c e s s  on a n  e q u i t a b l e  
b a s i s  t o  t h e  n a t u r a l  r e s o u r c e s  o f  b o t h  a r e a s  r e g a r d l e s s  o f  
t h e i r  a b i l i t y  t o  e x p l o ~ t  them. l8 A p a r a l l e l  c o n s t r u c t i o n  migh t  
e n a b l e  a s t a t e  t o  o b t a i n  s a t e l l i t e - a c q u i r e d  r e m o t e  s e n s i n g  
i n f o r m a t i o n ,  r e g a r d l e s s  o f  i t s  q b i l i t y  t o  pay f o r  t h e  i n f o r m a t i o n .  
Al though  m e n t i o n e d  h e r e  i n  t h e  c o n t e x t  o f  t he  r e m o t e  s e n s i n g  
s a t e l l i t e  d e b a t e ,  t h e  n o t i o n  t h a t  a l l  s t a t e s  s h o u l d  h a v e  a c c e s s  
t o  t h e  p r o d u c t s  o f  s p a c c  a c t i v i t i e s  w i t h o u t  c o c s i d e r a t i o n  o f  
f i n a n c i a l  a b i l i t y  t o  p a r t i c i p a t e  i n  t h e s e  a c t i v i t i e s  h a s  
p o t e n t i a l l y  a d v e r s e  i m p l i c a t i o n s  f o r  a l l  f a c e t s  o f  s p a c e  i n d u s -  
t r i a i i z s t  i o n .  In  p a r t i c u l a r ,  a d o p t i o n  o f  t h e  "common h e r i t a g e  
o f  mankind" a p p r o a c h  c o u l d  i n h i b i t  commerc ia l  p a r t i c i p a t i o n  i n  
t h e  deve lopment  o f  o u t c r  s n a c e .  
The sccontl d r a f t  p r i n c i p l e  f o r ~ n u l a t e d  by t h e  w o r k i n g  g r o u p  
p r o v i d e s :  
Rcmotc s e n s i n g  o f  [ t h e  n a t u r a l  r e s o l i r c e s  o f  t h e  
. e a r t h ]  [sad i t s  environment] f rom o u d  c r  s p a c e  [ s h a l l ]  
[ s h o u l d ]  bc c o n d u c t e d  i n  accordance h i t h  i n t e r n a t i o n a l  
l a w ,  i n c l u d i n g  t h e  C h a r t e r  o f  t h c  U n i t e d  N a t i o n s  and 
t h e  'TI c :aty on P r i n c  i p l c s  Governin::  t h e  A c t i v i t i e s  o f  
S t n t c s  i n  t h e  E x p l o r a t i o n  and Use o f  O u t c r  S p a c e ,  
i n c l u d i n g  t h e  Moon and o t h e r  C e l e s t i a l  R c d i e s .  
'The l a r i g ~ ~ a g c  i s  c o n s i s t e n t  w i . t h  ;lnd a p p a r e n t l y  b a s e d  on  t h e  
t c x t  o f  Art i c l c  11 I o f  t h e  O u t c r  S p a c e  T r e a t y .  I n  a d d i t i o n ,  
t h c  t e s t  i s  c - s s c , ~ t i a l l y  ic1c1;t i c a l  t o  t h e  t c x t  o f  t l ?c  second  
common c l  enlent formu1; l tcd  tlur i n g  t h c  Lcgal  Sub-commit t c e ' s  
f o i i r t e ~ n t  11 sc:;:; i o n .  1 !1 l'hc t w o  s e t s  o f  b r a c k e t s  wcrc  i n c l u d e d  
;is a r c s r i l t  o f  t h e  same p c n c r a l  p o s i t i o n s  which n e c e s s i t a t e d  
inc!usion o f  p a r a l l e l  b r a c k e t e d  t e r m s  i n  P r i n c i p l e  I .  
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I n  i t s  p r e s e n t  fo rm,  P r i n c i p l e  I 1  would n o t  have  a n y  
a d v e r s e  impac t  on  optimum a v a i l a b i l i t y  o f  b e n e f i t s ,  u n l e s s  
e i t h e r  g e n e r a l  i n t e r n a t i o n a l  l a w  o r  t h e  terms o f  a  r e m o t e  
s e n s i n g  d e c l a r a t i o n  were  deemed t o  i n c l u d e  s u c h  c o n c e p t s  a s  
" p r i o r  c o n s e n t , "  " t h e  common h e r i t a g e  o f  mankind" and "permanent  
s o v e r e i g n t y  c v e r  n a t u r a l  r c s o u r c e s . "  To d a t e  t h e  U n i t e d  S t a t e s  
h a s  been c o n s i s t e n t  i n  i t s  o p p o s i t i o n  t o  a d o p t i o n  o f  p r i o r  
c o n s e n t  p r i n c i p l e s  w i t h  r e s p e c t  t o  b o t h  a c q u i s i t i o n  and d i s -  
s e m i n a t i o n  o f  s a t e l l i t e - a c q u i r e d  d a t a .  The same a p p r o a c h  
s h o u l d  be t a k e n  w i t h  r e s p e c t  t o  t h e  c o n c e p t  o f  "permanent  
s o v e r e i g n t y  o v e r  n a t u r a l  r e s o u r c e s , "  which  h a s  s u p p l i e d  o n e  
of t h e  main p o l i c y  f o u n d a t i o n s  f o r  p r i o r  c o n s e n t  a r g u m e n t s .  
A s  embodied i n  a s e r i e s  o f  G c n e r a i  Assembly r e s o l u t i o n s ,  t h e  
c o n c e p t  would g i v e  e a c h  s t a t e  t h e  r i g h t  t a  c o n t r o l  a c c e s s  n o t  
o n l y  t o  i t s  n a t u r a l  r e s o u r c e s  b u t  t o  i n f o r m a t i o n  r e g a r d i n g  t h o s e  
r e s o u r c e s  a s  w e l l .  *' Al though  a n  e x a m i n a t i o n  o f  t h o s e  t e x t s  
d e m o n ~ t r a t e s  t h a t  t h e  c o n c e p t  h a s  n o t  y e t  deen e x t e n d e d  t h a t  
f a r ,  t h e  r x t e n s i o n  would be  a c c o m p l i s h e d  by a d o p t i n g  a  p r i n c i p l e  
s i m i l a r  t o  t h a t  i n  a work ing  p a p e r  s u b m i t t e d  by Mongol ia  d u r i n g  
t h e  s u b c o m m i t t e e ' s  f i f t e e n t h  s e s s i o n  which p r o v i d e s .  
S t a t e s  p a r t i c i p a t i n g  i.1 r e m o t e  s e n s i n g  s h o u l d  
r e s p e c t  t h e  p r i n c i p l e  o f  f u l l  and pe rmanen t  s o v e r -  
e i g n t y  o f  a l l  S t a t e s  and p e o p l e s  o v e r  t h e i r  w c a l t h  
and n a t l r a l  resources a s  w e l l  a s  t h e i r  i n a l i e n a b l e  
r i g h t  t o  d i s p o s e  o f  t h e i r  n a t u r a l  r e s o u r c e s  and o f  
i n f o r m a t  i o n  c o n c e r n i n g  t h o s e  r e s o u r c e s .  2 1  
Because  o f  t h e  p o t e n t i a l  i n h i b i t i n g  e f f e c t  i t  c o u l d  e x e r t  on  
t h e  e s t a b l i s h m e n t  o f  a n  o p e r a t i o n a l  e a r t h  r c s o u r c e s  s a t e l l i t e  
system, the concept of permanent sovereignty should be limited 
to its current scope. Opposition to the Mongolian proposal is 
also considered important, because such opposition would 
undermine suppc-t for the extreme prior consent proposals. As 
a result, compromise would be facilitated in other areas. 
3. P r i n c i p l e  111 
As drafted by the Working Group on Remote Sensing at 
the fifteenth session of the Legal Sub-committee, Principle 
I11 provides: 
1. States carrying out programmes for remote sensing 
of [the natural resources of the earth] [and its 
environm?nt] from outer space [should] [shall] promote 
international co-operation in these programmes. To 
this erid, sensing States [should] [shall] make avail- 
able to other States opportunities for participation 
in these programmes. Such participation should be 
based in each case on equitable and mutually acceptable 
terms due regard being paid to elements . . . 
2 .  In order to maximize the availability of benefits 
from such remote scnsing dara, States are encouraged 
to consider agreements for the establishment of shared 
regional facilities. 22 
Principlc 111 is based on two common elements identified 
by the Working Group on Rcrnotc Sensing during the fourteenth 
session of the Legal Sub-Comrnittce. 23 According to the sessiort 
report, the dclcgations agreed: 
1. that t h e  maximum bcncfits to all countries could 
bc obtained by international co-operation at all 
lcvcls, particularly on a regional basis; and 
2. that States undertaking programmes for remote 
sensing activities by means of space t hnology should 
encourage international participation. 45 
The texts of the draft principle and the underlying common 
elements raise the question of the meaning of the terms 
"cooperation" and "participation" and the relationship between 
the two. Article 1(3) of the Outer Space Treaty requires 
states to "facilitate and encourage international co-operation 
in (scientific) investigations." Since the term "co-operation" 
is not used again in any operative provision which relates 
to activities in outer space,25 it may be construed in the 
limited context of Article 1(3) relating to scientific investi- 
gation. Thus, "co-operation" is ,lot necessarily mandated, 
except for experimental activities. The Outer Space Treaty 
does not give any significant clue to the meaning of "co- 
operation." The fact that Paragraph 1 of Principle IJI refers 
to the promotions of "international co-operation - in (the) 
programmes" of sensing states suggests that the working group 
equated "co-operat ion" with "participation." That inference 
is supported by the second sentence of Paragraph I which 
establishzs "participation" as the most important element, 
if not the only element, of "co-operation." 
Actual foreign participation in programs conducted by the 
United States or its nationals would jeopardize corporate 
interests, First, to the extent that the federal government 
permits foreign participstion, the alternatives for interface 
between the public and private sectors are limited. If, for 
example, tile federal government cooperates in the construction 
of an extensive network of readout stations for distribution 
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of raw data, it cannot logically support commercial implemen- 
tation. Second, foreign participation in profit-oriented 
operations would both undermine the commercial basis and 
jeopardize United States technological leadership. Similarly, 
significant participation in United States programs is likely 
to result in international pressure to limit providers of 
data and services to activities in their own regions, thus 
reducing both competition and the quality and scope of services 
available to users. 
The United States delegation is not likely to support 
deletion of the references to participation, because it has 
supported strong cooperation and participation as a means 
of avoiding imposition of prior consent principles. In fact, 
the draft declaration submitted by the United States delegation 
during the thirteenth session of the Legal Sub-committee 
contains the provision that: 
States undertaking programmes designed for remote 
sensing of the natural cnvironmcnt from satellites 
shall encourage thc broadest feasible international 
participation in appropriate phases of these programmes. 26  
Three alternatives for minimizing these difficulties 
could be considered. First, Paragraph 1 of the third principle 
could be amended to limit its scope to experimental activities. 
Second, the language relating to participation could be made 
discretionary rather than mandatory, and could be limited as 
provided in Article 4 of the working paper submitted by the 
United States delegation during the thirteenth session of the 
Legal Sub-committee to "feasible participation" in "appropriate 
phases" of United States programs. Third, the paragraph could 
be amended to limit the participation foreseen therein to 
governmental, as distinguished from commercial, programs. 
The language in the final sentence of Paragraph 1 relating 
to the terms of psrticipation raises another problem of consttuc- 
a tion. That sentence, which places participation on the basis 
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of "equitable and mutually acceptable terms," appears to be 
a broadened version of Article S(a) of the draft declaration 
submitted jointly by the Soviet and French delegations which 
would have entitled any state whose territory is affected by 
t the remote sensing activities of a second state to participate 
in the latter's program on "equal and mutually acceptable 
terms." Although the phrase "mutually acceptable terms" appears 
tq be a broadened version of Article 5(a)  of the draft declara- 
tion submitted jointly by the Soviet and French delegations 
which would have entitled any state whose territory is affected 
by the remote sensing activities of a second state to participate 
in the latter's program on "eq~al and mutually acceptable terms." 
Although the phrase "mutually acceptable terms" appkars to 
provide a basis for coma~ercial implementation, questions of 
interpretation could arise, since the source cf tllc provision 
suggests an intention to place implementation on a non-commercial 
basis. Further, the omission from the draft principle of the 
e 
language in the Soviet-French draft which implicitlv lim; ; 
participation to *',;se states affected by the remote scnslng 
program in question would expand the scope of foreign partici- 
pation and hence exacerbate the adverse consequences of such 
participation. The most desirable solution to the problem 
appears to be to ensure that any participation pxovision is 
discretionary in nature and limited to those states which are 
significantly affected by the program in whir.h the sensed state 
wishes to participate. 
The impact of the second paragraph of Principle I11 on 
operational implementation depends on the organizational or 
institutional configurations selected for routine operations. 
If, as suggested by CPUOS, complete reception and data manage- 
ment facilities are to be established in each region, the 
international market for private sector services could be 
significantly diminished. Consequently, the regional facilitics 
recommended in Paragraph 2 of Principle I11 should be limited 
to facilities for specialized processing of preprocessed data 
and distribution of information products. 
4 .  Principle IV 
The fourth draft prirtciple formulated by . v c  arking 
Group on Remote Sensing provides: 
Remote sensing [:,f t he  natural resuurc~ %. I :  Lll.th] 
[and its environrncnt] from outer space [shot I ,sn.~ll] 
promote the protcction of thc natural cnvirurt.,.~*nt of CLFe 
earth. To this end States participating in remote sensing 
[should] [shall] identify and make available information 
useful for the prevention of phenomena detrimental to the 
natural environment of the eprth. 27 
In its present form, the language of the fourth principle \could 
not adversely affect implementation of the technology, even 
if made mandatory. The use of information products as implied 
in the second sentence for the prevention of phenomena detri- 
mental to the environment could expand the market for earth 
resources information products. However, to ensure implemen- 
tation of this principle in manner consistent with practical 
operational considerations, reciyients of the information 
should be identified as international organizations responsible 
for environmental management and to governments of states 
likely to be affected adversely hy phenomena detrimental to 
the environment. That limitation could be incorporated through 
the addition of language at the end of the text which would 
make available to all states likely to he affected and to 
concerned inte~,.ational organizations. In addition, the 
information should be made available on "mutually agreeable" 
terms . 
The fifth draft principle provides: 
States participating in remotc sensing of [the 
natural resources of the earth] [and its environment] 
from outer space [should] [shall] make available 
technical assistance to ot;.2r interested States on 
mutually agreed terms. 28 
If implemvted in its prosent form, Principle V would create 
pressure to export every facet of earth resources satellite 
technology and related ground technologies. That pressure could 
undermine both United States t~chnological I ~dership and the 
hasis f o r  t h e  p r n v i s  ion  o r  c o m n ~ c r c i a l  cart11 r e s o u r c e  i n f o r m a t i o n  
s c r v i c c s  n o t  t o  mrnt  i o n  p o s s i b l c  n a t  i o n n l  s c c u r i t y  c o n c e r n s .  
Howevcr, i f  t h c  p r o v i s i o n  wcrc  l i m i t c d  t o  t e c h n i c a l  a s s i s t a n c e  
r e l a t i n g  t o  s p c c i a l i z c d  processing o f  d a t a  p r o d u c t s  and t o  t h e  
c r e a t i o n  o f  infrastructures i n  l c s s  d c v c l o p c d  c o u n t r i e s  c a p a b l e  
o f  a p p l y i n g  i n f o r m a t i o n  p r o d [ . - t s  c f f c c t i v e l y ,  i t  would b e  more 
l i k e l y  t o  r c s u 1 . t  i n  r a p i d  n a t i o n a l  and r e g i o n a l  deve lopment  
t h a n  would c o n c e n t r a t i o n  o f  e f f o r t s  on  t h e  s a l e  o f  e x p e r t i s e ,  
r e c e p t i o n  and p r e p r o c  , s i n g  cqu ipn ien t .  S i n c e  t h a t  a p p r o n c h  
would expand r a t k  & r  t h a n  c o n t r a c t  t h e  i n t e r n a t i o n a l  m a r k e t  
f o r  t h e  s e r v i c e s  n o t  - n l y  f o r  p r o v i d e r s  o f  s a t e l l i t e  d a t a  
s e r v i c c s  b u t  f o r  Anwrican c x p o r t c r s  g e n e r a l l y ,  t h e  f o c u s  on  
i n f r a s t r u c t u r e  dcvc lopmcnt  a p p c a r s  e c s i r a b l e .  S i m i l a r l ; ,  
s i n c e  " i n f o r m a t  ion"  r a t h e r  t h a n  " d a t a  ," a s  t h o s c  t c r m s  a r e  
de f . ined  by t h c  Working Group on Rcrnotc  ensi in^^^ i s  t h e  s o u s c c  
o f  t h c  b c n c f i t s  t o  be  d c r i v c d  from s a t e l l i t e  r e m o t e  s e n s i n g ,  
t h e  cmphas i s  o f  i n t e r n a t i o n c l l  c o o p e r a t i o n  and t e c h n i c a l  
a s s i s , a c c c  programs s h o u l d  bc  p l a c c d  on t h c  a c q u i s i t i o n  and 
a p p l i c a t i o n  o f  " i n f o r m a t i o n . "  
During i t s  ID77 s c s s i o n ,  t h e  I.cgnl Sub-Commj t t e e  f o r m u l n t c d  
a s e r i e s  o f  nCw t l r : , f e  p r i n c i p l e s ,  I ~ a s c J  c i t h c r  on p r e v i o u s l y  
i d e n t i f i e d  common c l c m e n t s  o r  on n c o n s e n s u s  ~ s t a t ~ l i s h e d  
d u r i n g  t h e  1 9 7 7  ~ c s s i o n . ~ '  Thc f i r s t  o f  t h e s e  i s  Principle VI 
which p r o v i d e s  : 
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1. The United Nations and its relevant specialized 
agencies [and the International Atomic Energy Agency] 
[should] [shall] promote international cooperation, 
including technical a-sistance, and play a role of 
coordination in the area of remote sensing of [the 
natural resources of the earth] [and its environment]. 
2. States conducting activities in the field of 
remote sensing of [the natural resources of the earth] 
[and I.?S environment] [shall] [should] notify the 
Seert t ary-Germ- dl thereof, in compliance with article 
XI oi '.he Ti.! E -y on Principles Governing the Activities 
of States in the Exploration and Use of Outer Space, 
incluying the Moon and Other Celestial Bodies. 
This principle was based on :he first of the common elements 
identi'ied during the 1976 session.31 In its present form, 
Principle VI makes a general statement regarding a possible 
coordinating role for the United Nations which would be 
desirable from the perspective of the United States if imple- 
mented within the limits described in the discussion of 
Principle V. The second paragraph merely applies Article XI 
of the Outer Space Treaty to satellite remote sensing and is 
considered inoffensive, provided the level of information 
required does not exceed the nature and scope of information 
rl:.:-rently supplied regarding satellite launches. 
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Principle VII, which provides: 
Information obtained by remote sensing [of the natural 
resources of thc earth] [and its environment] indicating 
an impending natural disaster shall be disseminated as 
promptly as possible to those States likely to be affected. 
was based on the second common principle identified during 
the 1976 session of the Legal Sub-committee. 3' Adoption of 
$. this element in its present form also appears desirable. If 
b 
tl 
included in a package of general services, the disaster warning 
289 
s e r v i c e  could  be used t o  demonst ra te  t o  o t h e r  d e l e g a t i o n s  t h a t  
t h e  va lue  of  p o t e n t i a l  b e n e f i t s  s i g n i f i c a n t l y  exceeds t h e  c o s t  
o f  p o t e l l t i a l  abuses  o f  e a r t h  r e s o u r c e s  s a t e l l i t e  technology.  
8 .  Principle V I I I  
P r i n c i p l e  VI I I  p rov ides :  
Taking i n t o  account  t h e  p r i n c i p l e s  I  and I 1  above, remote 
s e n s i n g  d a t a  o r  in fo rma t ion  d e r i v e d  the re f rom [ s h a l l ]  
[ should]  [ n o t ]  be used by S t a t e s  [ t o  t h e  d e t r i m e n t  o f ]  
[ i n  a  manner compatible  w i t h ]  t h e  l e g i t i m a t e  r i g h t s  
and i n t e r e s t s  o f  o t h e r  S t a t e s .  
Based on t h e  t h i r d  common element ,  33 t h a t  language i s  c l o s e l y  
r e l a t e d  no t  on ly  t o  t h e  concept  embodied i n  A r t i c l e  IX o f  t h e  
Outer Space T r e a t y  t h a t  s t a t e s  should  conduct  t h e i r  space  
a c t i v i t i e s  d i t h  due r e g a r d  t o  t h e  cor responding  i n t e r e s t s  of  
o t h e r  s t a t e s , 3 4  but  t o  t h e  i n t e r p r e t a t i o n  of A r t i c l e  1 ( 1 )  
urged by developing  s t a t e s  which would p r o h i b i t  a c t i v i t i e s  i n  
o y t e r  space ,  u n l e s s  t h e y  a r e  conducted " in  t h e  i n t e r e s t s  and 
f o r  t h e  b e n e f i t  o f  a l l  s t a t e s .  l t3 '  Because o f  t h o s e  s i m i l a r i t i e s ,  
Pr inc . ip le  VI I I  i s  l i k e l y  t o  g e n e r a t e  s i m i l a r  c o n t r o v e r s i e s ,  
p a r t i c u l a r l y  r ega rd ing  t h e  c o n s t r u c t i o n  o f  t h e  term "interns- 
t i o n a l  de t r imen t  . " 
The b racke ted  phrases  permit  both  a  n e g a t i v e  and a  p o s i t i v e  
i n t e r p r e t a t i o n .  However, from t h e  p e r s p e c t i v e  of  p o t e n t i a l  
p r i v a t e  s e c t o r  i n L e r e s t s ,  bo th  approaches could  be cons ide red  
d e t r i m e n t a l ,  when read  i n  t h e  c o n t e x t  o f  A r t i c l e  VI of t h e  
Outer Space Troa iy  which imposes i n t e r n a t i o n a l  r e s p o n s i b i l i t y  
on s t a t e s  part:.as t o  t h e  t r e a t y  f o r  t h e  space  a c t i v i t i e s  of  t h e i r  
r e s p e c t i v e  n a t i o n a l s ,  whether governmental o r  non-governmental 
entities. 36 Broad or uncertain construction of the terms of 
Principle VIII could lead to restriction of legitimate, desirable 
activities, particularly based on commercial initiatives. 
Although private sector operations may be possible within the 
framework of such a principle, adverse political repercussions 
resulting from disputed constructions of the common element 
are considered both probable and detrimental to United States 
interests. Consequently, in its present form, the eighth draft 
principle is considered undesirable. 
9 .  P r i n c i p l e  IX 
The ninth principle incorporated in the new draft was 
agreed upon during the 1?17 Legal Sub-committee without 
prior consideration during the 1976 session. Principle IX 
provides : 
States participating in remote sensing [of the natural 
resourc~s of the earth] [and its environment], either 
directly or through relevant international organization 
[shall] [should] be prepared to make available to the 
United Nations and other interested States, particularly 
the develc~ing countries, upon their request, any 
relevant technical information involving possible opera- 
tional systems which they are free to disclose. 
The apparent rationale for inclusion of this provision is 
to promote exchange of information regarding the character- 
istics of operational systems as a means of enabling devel- 
oping countries to keep pace with technical and institutional 
devezopments. Since the availability of this type of infor- 
mation is likely to alloy some of the concerns of less 
developing countries concerning potential abuses of the 
technology, this level of information exchange is considered 
desirable. 
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The second new p r i n c i p l e  formula ted  d u r i n g  t h e  1977 s e s s i o n  
p rov ides  : 
S t a t e s  [ s h a l l ]  [ s h o u l d ]  b e a r  i n t e r n a t i o n a l  r e spon-  
s i b i l i t y  f o r  [ n a t i o n a l ]  a c t i v i t i e s  o f  remote s e n s i n g  
[of  t h c  n a t u r a l  r e s o u r c e s  o f  t h e  e a r t h ]  [and i t s  
environment]  [ i r r e s p e c t i v e  o f  whether ]  [where] such  
a c t i v i t i e s  a r e  c a r r i e d  o u t  by governmental  [ o r  non- 
governmental] e n t i t i e s ,  and [ s h a l l ]  [ shou ld ]  [ g u a r a n t e e  
t h a t  such a c t i v i t i e s  w i l l ]  comply w i t h  t h e  p r o v i s i o n s  
o f  t h e s e  P r i n c i p l e s .  
In  e s s e n c e ,  P r i n c i p l e  X r e s t a t e s  t h e  p r o v i s i o n s  o f  A r t i c l e  V I  
o f  t h e  Outer  Space T r e a t y ,  and hence ,  does  n o t  n e c e s s a r i l y  
i n c r e a s e  t h e  p o t e n t i a l  burdens  imposed by t h e  s u p e r v i s i o n  
requi rement  of  t h a t  a r t i c l e .  However, t h e  f a c t  o f  t h e  r e s t a t e -  
ment combined w i t h  t h e  p o t e n t i a l  f o r  more d i r e c t  l anguage  
i n d i c a t e s  t h e  e x i s t e n c c  of a t r e n d  toward f u l l - s c a l e  n a t i o n a l  
governmental  s u p e r v i s i o n  o f  a l l  space  a c t i v i t i e s .  Consequent ly ,  
P r i n c i p l e  X has g iven  r i s e  t o  some concern  i n  t h e  p r i v a t e  s e c t o r  
r e g a r d i n g  t h e  p o s s i b l e  
a c t i v i t i e s .  
11. P r i n c i p l e  XI 
l i m i t a t i o n s  on non-governmental  s p a c e  
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The f i n a l  d r a f t  p r i n c i p l e  fo rmula t ed  t h i s  y e a r  by t h e  
Legal Sub-Committee p r o v i d e s :  
A sensed  S t a t e  [ s h a l l ]  [ s h o u l d ]  have t i m e l y  and non- 
d i s c r i m i n a t o r y  a c c e s s  t o  d a t a  o b t a i n e d  by remote 
s e n s i n g  [of  t h e  n a t u r a l  r e s o u r c e s  of  t h e  e a r t h ]  [and 
i t s  environnient]  from o u t e r  s p a c e ,  p e r t a i n i n g  t o  i t s  
t e r r i t o r y  on r e a s o n a b l e  te rms  [ t o  be  mu tua l ly  a g r e e d  
upon w i t h  t h e  s e n s i n g  S t a t e ]  and t o  t h e  e x t e n t  f e a s i b l e  
and p r a c t i c a b l e ,  [ s h a l l ]  [ s h o u l d ]  be p rov ided  w i t h  
such d a t a  on such  t e rms  [on a  con t inuous  and p r i o r i t y  
b a s i s ]  [and i n  any c a s e  no l a t e r  t h a n  any t h i r d  s t a t e ] .  
I n  some r e s p e c t s ,  t h i s  d r a f t  p r i n c i p l e  appea r s  t o  cor respond 
t o  ce ; - ta in  of  t h e  p o s i t i o n s  t a k e n  by t h e  United S t a t e s  i n  an  
a t t empt  t o  avoid adop t ion  o f  a  p r i o r  consen t  regime. P a r t i c u -  
l a r l y  impor tant  a r e  t h e  c l a s s e s  r e l a t i n g  t o  " t imely  and non- 
d i s c r i m i n a t o r y  access"  and a c c e s s  " i n  any c a s e  no l a t e r  t h a n  
any t h i r d  s t a t e . "  I f  u l t i m a t e l y  adopted,  t h e  language o f  
P r i n c i p l e  XI could  s e r v e  t o  l i m i t  t h e  f l e x l , i l i t y  o f  o p e r a t i o n s  
a v a i l a b l e  t o  thi: e n t i t y  managing t h e  system. I n  i t s  p r e s e n t  
form, P r i n c i p l e  XI could  i n t e r f e r e  wi th  t r a d i t i o n a l  p r i v a t e  
s e c t o r  management and market ing  procedures  and should  t h e r e f o r e  
be c a r e f u l l y  examined p r i o r  t o  f i n a l  adopt ion .  
C.  P rospec t s  f o r  Resolu t ion  o f  t h e  Ea r th  Resources 
S a t e l l i t o  Debate 
The main t e n e t  of  t h e  p r e s e n t  United S t a t e s  p o l i c y  i s  
s t r i c t  o p p o s i t i o n  t o  t h e  adop t ion  of  an i n t e r n a t i o n a l  regime 
based on p r i o r  consent .  Th i s  approach i s  e s s e n t i a l l y  c o n s i s t e n t  
w i t h  t h e  i n t e r e s t s  o f  t h e  p u b l i c  and p r i v a t e  s e c t o r c  I f  d a t a  
a c q u i s i t i o n  were s u b j e c t  t o  t h e  consent  o f  t h e  s u r v e i l l e d  s t a t e ,  
a s  proposed i n  t h e  L a t i n  American d r a f t  t r e a t y ,  a c q u j s i t i o n  
procedures  would be d i s r u p t e d ,  caus ing  i n c r e a s e d  c o s t s  whi le  
d e c r e a s i n g  t h e  va lue  of  t h e  d a t a .  S t r i c t  adherence t o  t h e  
p r i o r  consent  r u l e  on d a t a  c o l l e c t i o n  would r e q u i r e  t h e  capa -  
b i l i t y  e i t h e r  t o  t u r n  o f f  t h e  s a t e l l i t e  s e n s o r s ,  o r  t o  s e p a r a t e  
o u t  and d i s p o s e  of  informat ion  p e r t a i n i n g  t o  t h e  t e r r i t o r y  
o f  a  s t a t e  which had no t  given i t s  consen t .  The f i r s t  approach 
would i n c r e a s e  t h e  c o s t  o f  s a t e l l i t e  c o n s t r u c t i o n  and  pera at ion, 
and t h e  second would i n c r e a s e  p rqcess ing  t imc and c o s t s .  Both 
approachc~s  W O I I  l II I,c. compl i cat.ctl I,y f l i i c t u n t  i ng  gcograpll ic 
p a t t c r n s  of  c o n s c n t ,  especially i n  p o l i t i c a l l y  u n s t a b l e  r e g i o n s .  
Thcsc corlscqucnccs would n f f c c t  t h c  v i a b i l i t y  o f  bo th  i n t c r -  
n a t i o n a l  and domes t ic  e a r t h  resources s e r v i c e s ,  r e g a r d l e s s  
of  t h e  i n s t i t u t i o n a l  c o n f i g u r a t i o n s  employed. I n  p a r t i c u l a r ,  
w i t h  r c s p c c t  t o  o p e r a t i o n  o f  t h e  spacc  segment,  t h e  p r i n c i p l e  
of  p r i o r  conscnt  would f o r c c  o p c r n t i o n a l  c n t i i i e s  t o  n e g o t i a t e  
d i r e c t l y  w i t h  f o r c i g n  govcrnmcnts,  which would i n  t u r n  g i v e  
r i s e  t o  a l l  o f  t h e  problems which c h a r a c t e r i z e  r e l a t i o n s  
between a sovc rc ign  and non- sove re ign  c n t i t y .  
Re la ted  c o m p l i c a t i o n s  would a r i s e  i f  d a t a  d i s s e m i n a t i o n  
were s u b j e c t  t o  p r i o r  c o n s e n t .  Both t h e  S o v i e t - F r e n c h  and 
L a t i n  American d r a f t s  would p r c v e n t  t r a n s f e r  o f  s a t e l l i t e -  
a c q u i r e d  e a r t h  r e s o u r c e s  d a t a  from t h e  government o p e r a t i n g  
t h e  s a t e l l i t e  t o  any t h i r d  p a r t y ,  p u b l i c  o r  p r i v a t e ,  w i t h o u t  
t h e  e x p r e s s  a u t h o r i z a t i o n  o f  t h e  s u r v e i l l e d  s t a t e .  I f  s t r i c t l y  
c o n s t r u e d ,  t h o s e  p r o v i s i o n s  cou ld  p r e v e n t  t h e  Un i t ed  S t a t e s  
government from d i s t r i b u t i n g  d a t a  t o  i t s  own n a t i o n a l s ,  u n l e s s  
p e r m i t t e d  by t h e  f o r e i g n  government i n  q u e s t i o n .  S t r i c t  
c o n s t r u c t i o n  seems war ran ted ,  s i n c e  t h e  p r o v i s i o n  would be 
meaninglcss  i f  t h e  Uni ted  S t a t e s  government were f r e e  t o  
d i s s 2 m i n a t e  a l l  of t h e  e a r t h  r e s o u r c e s  i n f o r m a t i o n  i n  i t s  
p o s s e s s i o n  t o  i t s  n a t i o n a l s ,  who would i n  t u r n  be f r e e  t o  convey 
t h e  same in fo rma t ion  t o  any o t h c r  e n t i t y ,  p u b l i c  o r  p r i v a t e .  
I n  t h e  absence  o f  f o r e i g n  governmental  c o n s e n t ,  American 
p u b l i c  and p r i v a t e  e n t i t i e s  c o u l d  be i n h i b i t e d  from p r o v i d i n g  
e f f e c t i v e  s e r v i c e s  i n  bo rde r  a r e a s ,  b o t h  because  o f  t h e  problems 
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of  s p i l l o v e r  and hccause  o f  t l ic  i n a b i l i t y  t o  p r o v i d e  s e r v i c e s  
r e g a r d i n g  phenomena a f f e c t e d  by s t i m u l i  which o r i g i n a t e  o r  
o p e r a t e  e x c l u s i v e l y  i n  f o r e i g n  t e r r i t o r i e s .  Although t h e  
domes t ic  market would en joy  t h e  advan tages  of t h e  r e l a t i v e l y  
c o r d i a l  r e l a t i o n s  between t h e  Uni ted  S t a t e s  and t h e  a d j a c e n t  
c o u n t r i e s ,  t h e  d e l a y s  and p o t e n t i a l  i n s t a b i l i t y  a s s o c i a t e d  
w i t h  consent  r e l a t i o n s h i p s  would make t h e  s i t u a t i o n  u n d e s i r a b l e .  
The same problems would bc e x a c e r b a t e d  i n  t h e  i n t e r n a t i o n a l  
market .  I n  most r e g i o n s  t h c  r e l a t i v e l y  s m a l l  a r e a s  c o l t t r o l l e d  
by each government would  i n c r c a s c  t h e  p r o b l e ~ n s  a r i s i n g  from 
t h e  nced t o  i n c o r p o r a t e  i n fo rma t ion  from t h e  t e r r i t o r i e s  
o f  a n o t h e r  s t a t c  i n t o  an e f f e c t i v e  a n a l y s i s  o f  c o n d i t i o n s  
i n  t h e  c o n s e n t i n g  s t a t c .  I n  t h e  same r e g i o n s  b o r d e r  t e n s i o n s  
and o t h e r  Corms of comj)c t i t ion  bctwccn neighboring s t a t e s  w i l l  
interfere wi th  t h e  p r o c e s s  o f  s c c u r i n g  t h e  n c c e s s a r y  a u t h o r i -  
z a t i o n s .  Even where consen t  i s  i n i t i a l l y  o b t a i n e d ,  c o n t i n u a t i o n  
i s  dcpcndent on pol i t  ic:11 f ; ~ c t o r s .  
As no ted  above ,  one o f  t h e  main p o l i c y  f o u n d a t i o n s  f o r  
t h e  p r i o r  consent  p r o p o s a l s  has  been t h e  argument t h a t  t h e  
concept  of "permanent s o v e r e i g n t y  o v e r  n a t u r a l  r e s o u r c e s "  
embodied i n  a  s e r i e s  o f  Genera l  Assembly r e s o l u t i o n s  g i v e s  a  
s t a t e  t h e  r i g h t  t o  c o n t r o l  ~ c c c s s  not  on ly  t o  i t s  n a t u r a l  
r e s o u r c e s  but  t o  informa. t ion r cga rd ing  t h e s e  r e s o u r c e s  a s  w e l l .  
An examina t ion  of  t h o s e  t e x t s  demons t r a t e s  t h a t  t h e  concept  h a s  
n o t  y e t  been extended t h a t  f a r .  To d a t e ,  t h e  Uni ted  S t a t e s  
d e l e g a t i o n  has  n o t  demons t ra ted  p a r t i c u l a r l y  s t r o n g  o p p o s i t i o n ,  
p robably  because  of  t h e  p o l i t i c a l  dynamics w i t h i n  t h e  Outer  Space 
Commit t e e .  I . i n ~ i  tat ion of thc concept of permanent sovereignty 
to its current scope could weaken support for the extreme prior 
consent proposals and make possible compromise on some basis 
which permits relatively free access to data. 
As an alternative to the prior consent proposals, the United 
States delegation has offiered a strong policy of open dissemina- 
tion of data. One of the main arguments against prior consent 
is that a prior consent regime would either defeat implementa- 
tion of the technology altogether or give a monopoly on remote 
sensing data to those highly industrialized states capable of 
operating their own satellites. Under the open dissemination 
policy sensing states would make data "available to interested 
States, international organizations, individuals, scientific 
communities and others on an cquit~able, timely and non-discrimi- 
natory basis." Although the current United States policy could 
exclude the sensing state from the non-discrimination requirement 
and could in theory permit earlier access to its nationals, 
the non-discrimination aspect suggests that the State Department 
may be tei;ding away from policy choices--and hence institutional 
configurations--which would permit access to earth resources 
satellite data prior to complete circulation through the federal 
Landsat processing network. 
Another potential disadvantage could arisc from thc fact 
that the United States usually bases its argument in favor of 
open dissemination on the fact that the Landsat program has 
made a vast amount of information available to states which 
otherwise would have had no opportunity to secure it. The 
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response has been, First, that NASA's current dissemination 
policy is entirely unilateral in nature and is therefore subject 
to wilateral alteration, and second, that the United States 
has not provided any assurance that the Landsat program will 
be continued on n~edium-term - -  much less, a long-term - -  basis. 
In its effort to secure a consensus on its open dissemination 
policy, the United States may feel compelled to commit itself 
to continuation of federally supported earth resources programs 
for the foreseeable future. The legislation introduced by 
Senator Ford to establish an operational earth resources 
satellite system under the control of NASA and the Department 
of the Interior would be consistent with that approach. 37 
Because of reliance interests developed by other governments, 
a decision to utilize an organizational structure or selection 
of a means of distrih~~tion sul~stantially different than the 
present method of selling partially refined data at the cost 
cf reproduction is likely to subject the State Department to 
serious foreign p-essurc. 
The third r,,ajor element of current United States policy 
is the encouragement by sensing states of the broadest feasible 
international participation in appropriate phases of their 
respective programs. lo facilitate that goal, the United 
States has proposed that sensing states should provide, within 
the limits of their capabilities, assistance to otb,er interested 
states regarding the acquisition, interpretation and application 
of satell ite-gathered earth resources data. l'he imp1 icat ion is 
that the United States government will continue encouraging 
other governments to participate in its Landsat program by 
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csti~hl ishing national or regional gromd stations and d a t a  
interprctntion facilities. Participation and technical 
assistance are likely to generate a dependence among other 
countries upon U . S .  government programs, thus increasing the 
international pressurc to continue or even expand the currcnt 
programs. The scope of the assistance actually provided 
will determine the extent to which the combination of readily 
available data and essentially gratuitous transfer of appli- 
cations expertisc will jeopardize the viability of the inter- 
national markcting activities. However, in light of United 
States foreign policy interests, the level of assistance is 
likely to become substantial. 
Although the differences between the interests of the 
Carter Administration and those of previous administrations 
may cause some changes in present United States policy, a 
number of considerations are likely to diminish the magnitude 
of any policy shifts. First, the federal government has a 
number bf interests which would be advanced by an open data 
dissemination policy enhanced by technical assistance efforts. 
The federal government is primarily interested in procuring 
the bcnefits of sntellitc remote sensing technology for its 
citizens. Among these bcncfits are increased supply of raw 
materials, increased information for managing the national economy 
and enhanced ability to monitor the national ertvironment for 
purposes of preventing or rcvcrsing cnvironmcntdi dcgradation. 
Consequently, the government is concerned that the policies it 
advocates wili facilitate: a) effective, accurate service; 
b) on a real-time basis; c) at a rcasonable cost. 
A second primary interest is the selcction of a combination 
of national and international policies which will develop the 
technology to operational status as soon as possible consistent 
with the realization of other goals. Third, thc fcderal govern- 
ment is concerned that it reduce its expenditures as far as 
possible consistent with the achievement of other goals. The 
implications of this consideration are complicated by the fact 
that the government has a potcntial dual role as both provider 
and consllnlcr ol-  PiIl'lIl r'csolrl'ccs d a t a  scrviccs. 
Four.th, rctlcrr? 1 pol icyrnakors arc intcrc:,tctl i ~ r  cxp:~ncl i~lg 
exports through satellite rcmote sensing in two ways. First, 
by promoting the international role of earth resources data 
and receiving and data processing equipment, the Ucited States 
would improvc its balancc of paywnts and gencrate the foreign 
policy benefits discussed below. The federal government probably 
also intends to use earth resources satellite data at a second 
level 3s a tool, first, to dcvclop previously underdeveloped 
foot1 a n d  mi ncr;~ l rcso~~r.ccs i n  ortlcr t c i  incrciisc supply and 
dccrcasc \~crlt i  r a \ ~  aliitCrial s pr iccs, and sccontl , to cncoirragc 
other states, espccially the developing states, to use revenues 
from their incrcascd volume of raw material exports to increase 
their imports, particularly from the United States. This 
hroadcr approach secms to promisc &'.cbater bcnefits for thc 
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U n  i tcd S t  : l t cs  clc-ononly i iS  :I who l c .  ' I ' h :~ t  pronri sc i 3 i l~c-i.c;iscrl 
. . by t h c  appitrcnt t cndcncy of  t h c  An~crican ccollorny, v ic- (1-v1 .n  
t h c  economic:; of o t h c r  countries, t o  s p c c i i i l i z c  i n  t h e  
p r o v i s i o n  o i  informat ion  services. To maximize t h e  b c n c f i t s  of 
t h e  broader  approach,  a c c e s s  t o  c a r t h  r c s o u r c c s  d a t a  must bc 
extcndcd n s  f a r  a s  p ~ ~ ~ i b l c .  
F i f t h ,  fcclcrnl pol icy  h;is t r a d i t  i onn l  l y  cnab lcd  American 
p r i v a t e  c n t c r p r i s c  t o  e x p l o i t  tcchnology f o r  commercial pu rposes ,  
bu t  t h c  tcndcncy has  bccn l i m i t e d  by t h c  e x t e n t  t o  which o t h e r  
g o v e r n m n t a l  i n t c r c s t s  hiive outwcighcd t h e  i n t e r e s t  i n  promoting 
conmcrc i n l  i nvo Ivee~crlt .
111 a d d i t i o n  t o  t h o s c  domcst jc  p o l i c y  f a c t o r s ,  t h c  United 
S t a t e s  has a wide range of f o r c i g n  p o l i c y  i n t c r c s t s  which could  
be a f f e c t e d  I)y i t s  cho ice  o r  an i n t e r n a t i o n a l  rcmotc s e n s i n g  
p o l i c y .  The f i r s t  o f  t h o s c  i n t e r e s t s  i s  t h e  d c s i r c  t o  c o n t i n u e  
r c sp ing  t h e  b c n c f i t s  of ot!lcr n a t i o n s '  r ccogn i t  ion for  United 
S t a t e s  tcclinclogic-a! l c i l c r s l  i .  'L'o ncco~rpl  i s h  t h a t  g o a l ,  
cont inued  r c s c a r c h  and devclopmcnt i s  e s s e n t i a l ,  i n d i c a t i n g  
t h e  nccd f o r  con t inu ing  f e d e r a l  involverncnt i n  t h e  e a r t h  
r c sourccs  f i e l d .  F u r t h e r ,  t h c  United S t a t e s  must be a b l e  t o  
demonst ra te  h igh ly  v i s i b l c  t e c h n i c a l  p r o g r e s s .  On a  morc 
s u b t l e  l c v c l ,  t h e s e  p r e s t i g e  b e n e f i t s  a r e  a l s o  c o n t i n g e n t  on 
showing t h a t  t h e  b e n e f i t s  of technological p r o g r e s s  extend 
beyond t h e  borders  of  t h e  United S t a t e s  t o  l e s s  advanced 
c o u n t r i e s .  
The second s c t  of f o r c i g n  p o l i c y  i n t e r e s t s  c e n t e r s  around 
t h e  use of s a t c l l i t c  rcmotc s e c s i n g  as  a f o r e i g n  p o l i c y  t o o l .  
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I f  t h e  U.S. government  r e t a i n s  some nleasure  o f  c o n t r o l  o v e r  t h e  
a l l o c a t i o n  o f  e a r t h  r e s o u r c e s  d a t a  and s e r v i c e s ,  i t  w i l l  b e  
a b l e  t o  u s e  t h e  t e c h n o l o g y  a s  a  r e w a r d - o r - p u n i s h m e n t  t o o l  t o  
advance  i t s  o t h e r  f o r e i g n  p o l i c y  i n t e r e s t s .  T r a n s f e r  o f  c o n t r o l  
t o  t h e  p r i v a t e  s e c t o r ,  however ,  would L i m i t  t h e  f l e x i b i l i t y  o f  
t h e  t o o l .  
The a v o i d a n c e  o f  f o r e i g n  p o l i c y  d i s a d v a n t a g e s  c o u l d  a l s o  
m i l i t a t e  3 g : l i l l s t  s c l t * . t  ion ~ b r  :I p o l i  '1- contluc.ivc. t o  t r ; ~ t i s l c r  t o  
p r i v i ~ t c  c n t c ~ ' p r i s t : .  12 p r o f  i t  . o r i c n t c t l  o ~ ' g i ~ n i ~ ; ~ t  ion i s n o t  I i h c l y  
t o  be e s p e c i a l l y  c o n c e r n e d  a b o u t  t h e  i n t e r n a t i o n a l  p o l i t i c a l  r a m i f i -  
c a t i o n s  o f  t h e  u s e s  made o f  i t s  work p r o d u c t s  by c u s t o m e r s  o f  
r e f i n e d  e a r t h  r e s o u r c e s  d a t a .  Consequently, a g g r a v a t i o n  .; i n t e r -  
n a t i o n a l  d i s p u t e s  c o u l d  r e s u l t  p a r t i c u l a r l y  w i t h  r e g a r d  t o  
boundary  p l a c e m e n t  i n  r e g i o n s  where  s a t e l l i t e  imagery  i n d i c a t c s  
t h e  e x i s t e n c e  o f  v a l u i l b l e  n a t u r a l  r e s o u r c e s .  Hlnme would f a l l  
on t h c  U n i t c d  S t a t c s ,  even i f  i t s  s y s t e m  wcrc  n o t  o p e r a t e d  by 
t h e  government .  Government c o n t r o l  c o u l d  l i m i t  t h e  a d v e r s e  
c o n s e q u e n c e s .  
S i m i l a r l y ,  government  c o n t r o l  c o u l d  l i m i t  t h e  n e g a t i v e  r e s p o n s e  
somet imes  g c n c r a t e d  by a n  a g g r c s s i v c  p r o f i t - o r i e n t e d  a p p l i c a t i o n s  
program. D i r e c t  p r o f i t s  f o r  t h e  e a r t h  r e s o u r c e s  i n d u s t r y  m i g h t  
be  r e d u c e d ,  b u t  t h e  b e n e f i t s  t o  t h e  whole  economy m i g h t ,  a s  n o t e d  
a b o v e ,  b e  g r e a t e r  o v e r  timc. C o n c e r n s  e x p r c s s c d  i n  t h e  U n i t e d  
N a t i o n s  r e g a r d i n g  t h e  p o t e n t i a l  f o r  economic  i m p e r i a l i s m  i f  
e a r t h  r e s o u r c e s  s a t e l l i t e s  were  o p e r a t e d  by a  s i n g l e  government  
o r  p r i v a t e  e n t i t y  may l e a d  t h e  S t a t e  Depar tment  t o  f a v o r  somc 
i n t e r -gove rnmcn tn l  arranltcmcnt des igned  t o  g i v e  a t  l e a s t  t h e  
appearance  o f  i n t e r n a t i o n a l  c o n t r o l .  
'I'he t h i r d  d i sadvan tage  t o .  be avoided by n o n - p r i v a t e  
c o n t r o l  o f  e a r t h  r e s o u r c e s  a c t i ! r i t i e s  i s  t h e  problem o f  
i n t e r n a t i o n a l  back la sh  which cou ld  r e s u l t  from t r a n s f e r  
t o  t h c  p r i v a t e  s e c t o r .  NASA has  e n t e r e d  i n t o  a  number o f  
I~ i la tc -r ;11  a g r c . p ~ ~ ~ c r i t s  w i t h  o t l i c r  govcrnmcnts i o r  coopcr: l t ion 
on c a r t h  r e s o u r c e s  s a t e l l i t e  expe r imen t s .  Each o f  t h o s e  a g r e e -  
ments c a l l s  f o r  NASA t o  pe rmi t  a c c e s s  t o  i t s  Landsat  sys tem,  
and t h e  o t h e r  p a r t y  a g r e e s  t o  c o n s t r u c t  a n  e a r t h  s t a t i o n  and 
pay i t s  own c o s t s  of  participation. I n  a d d i t i o n ,  NASA h a s  made 
a t t r a c t i v e  p r o p o s a l s  which would encourage  o t h e r  s t a t e s  t o  i n v e s t  
i n  e a r t h  r e s o u r c e s  technology. I n  1970, NASA proposed t h a t  t h e  
Unjted S t a t e s  government adopt  a program under  which l aunch ing  
s t a t e s  would make d a t a  a v a i l a b l e  t o  i n t e r e s t e d  s t a t e s  a t  ' h e  
cost o f  d u p l i c a t i o n ,  wh i l e  a  s p e c i a l  Uni ted  Na t ions  f a c i l i t y  
would be e s t a b l i s h e d  i n i t i a l l y  t o  s e r v i c e  such  Uni ted  Na t ions  
a g e n c i e s  as t h e  Food and A g r i c u l t u r e  O r g a n i z a t i o n  (FAO) and t h e  
Economjc and S o c i a l  Counci l  (ECOSOC), and l a t e r  t o  assume such  
o t h e r  r e s p o n s i b i l i t i e s  a s  were a s s i g n e d  t o  it by t h e  world 
community. 3 8 Four y e a r s  l a t e r ,  a t  t h e  t h i r d  s e s s i o n  o f  t h e  
CPUOS Working Croup on Remote Sens ing ,  t h e  Uni ted  S t a t e s  o f f e r e d  
t o  p rov ide  any i n t e r n a t i o n a l  car t11 r e s o u r c e s  c e n t e r  w i t h  a  
mas te r  copv of t h e  d a t a  c o l l e c t e d  d u r i n g  NASA's expe r imen ta l  
ERTS program.39 The agreements  and o f f e r s  by t h e  Uni ted  S t a t e s  
combined w i t h  r e l i a n c e  by o t h e r  s t a t e s  c r e a t e d  i n t e r n a t i o n a l  
p r e s s u r e  on t h e  f e d e r a l  government t o  c o n t i n u e  p r o v i d i n g  somc 
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l eve l  of Landsnt services. Transfer of its responsibility 
to a private entity would eliminate such unprofitable 
services, probably causing a backlash among other states. 
Achievement of all of the foreign policy goals and most of 
the other goals dcscrihcd above is dependent at least in part 
upon extensive international participation. Consequently, the 
combination of national and international policy choices by 
the United States are likely to be designed in such a way as 
to make it clear to foreign governments that participation 
in the proposed international system would substantially advance 
their respective national interests. A policy essentially 
transferring responsibility for earth resources satellite tech- 
nology to the private sector would complicate the prospects 
for international participation. 
In addition to its own intcrests, the State Department 
is likely to consider the interests of other federal agencies, 
most significantly NASA and the Department of Interior. 
In furtherance of NASA's statutory mandate to promote the 
widest feasible application of space technology on both 
the national and international levels, NASA and its Office 
of International Affairs are actively supporting continuation 
and expansion ~f the network of memoranda of understanding 
between NASP and foreign governments. Expansion of the 
network could generate increased international opposition 
to discontinuation of the irternational aspects of the Landsat 
programs. Further, proliferation of ground stations could 
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overcone some of the impediments to the establishment of an.intcr- 
governmental consortium, which could seriously limit the inter- 
national market for commercial earth resources services. A 
policy of intergovernmental implementation on the international 
level would also strengthen the arguments for provision of 
earth resources services by a federal agency or federally 
chartered entity. 
The Department of Interior and the U.S. Geological Survey 
are promoting a policy consistent with their proposals to improve 
and expand the Sioux Falls installation to facilitate transfer 
of data to both domestic and international customers. Increased 
federal involvement at that point in the Landsat system is likely 
to diminish the probability that private entities will be ?er- 
mitted access at an earlier point in the system. 
, Other elements, particularly from the academ:~ community, 
are pressing for a U.S. policy in the United Nations which .rould 
make available throughout the world both earth resources data 
and the knowledge and hardware needed to apply the data. Those 
initiatives generally evidence a distrust of the commercial 
approach, particularly with respect to socially useful, but 
generally unprofitable applications. 
The foregoing analysis of current trends in the CPUOS 
debates relating to principles to govern the use of earth 
resources satellites is relevant to general considerations 
in two main ways. First, under the definition of space indus- 
trialization set forth in part I above, satellite remote 
sensing constitutes one of the four main categories. Second, 
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a comparison of trends in the direct broadcast and earth 
resources satellite debates indicates that common trends can 
be identified. Consequently, those trends and the underlying 
complex of national interests provides the basis for projection 
of related trends applicable to other types of space industrial 
activities. As described more fully in Part V below, tendencies 
apparent from the debate surrounding the draft principles 
discussed in Subsection B above, suggest that the majority of 
CPUOS delegations favors a relatively restrictive approach to 
the development of outer space. This trend, combined with 
parallel responses in the domestic policy making process, could 
lead to establishment of international principles which limit 
the range of available institutional options and hence the 
character of potential participants in space industrialization. 
111. IMPLICATIONS FOR SPACE INDUSTRIALIZATION OF THE CPUOS 
DEBATES ON - TiiE LIItAFT NOON 1'KEA'TY 
The tirst initiative to establish international principles 
to gove1:l the use and exploration of the moon occurred in 1970 
when Argentina submitted a proposal to the United Yations calling 
for promulgation of appropriate rules.' However, significant 
actr.vity in the United Nations in that area did not occur until 
the Sovirt Union introduced a draft moon treaty in June 1971. 2 
In xesponse, the General Assembly directed the Committee on the 
Peaceful Uses of Outer Space (CPUOS) to consider and elaborate 
upon the Soviet draft treaty at its fourteenth session, held in 
New Yrrk in September 1971.~ The Outer Space Committee referred 
the draft treaty to its Legal Sub-Committee for detailed considera- 
tion at its eleventh session in April and May 1972. Despite 
significant differences of opinion among the delegations, the 
subcommittee was able to formulate a unified negotiating text 
consisting of a preamble and twenty-(.. ,i draft articles. However, 
certain provisions were stated in alternative forms, indicating 
disagreement among t.hs delegations as to those provisions. 
As a result, consiueration of the treaty was continued the follow- 
ing year. 4 
T h e  ,egal Sub-Committee again examined the draft moon treaty 
at it. twelfth session in Narch and April 1973, and several 
working papers were submitted by various delegations. Six 
provision< hC3rc adopted by the Legal Sub-committee which modified 
the 197- draft somewhat and focused the remaining disagreements 
around three main issues: 
1. scope of the treaty; 
2. disposition of lunar resources; and 
3. character and scope of information about the objectives 
of luncr missions to be made public prior to their 
commencement, 
Since 1973 the same issues have remained unresolved and have 
prevented final approval of a moon treaty. 
A .  Currcnt Status of the Moon Treaty Dcbate 
Since 1973 three main issues have remained unresolved and 
prevented establishment of a final consensus on a draft moon 
treaty to be submitted to the General Assembly. The questions 
relating to the disposition of lunar resources are considered 
the most difficult, and its solution is expected to permit 
resolution of the remaining issues. 5 
I .  Natural Resources 
The main positions among CPUOS delegations on issues 
relating to the exploration and use of the moon are most clearly 
crystallized on the question of the disposition of lunar 
resources and its four major subissues: 
1. the impact of Article I 1  of the Outer Space Treaty; 
2. the impact of the evolving concept of the common 
heritage of mankind; 
3. the desirability of deferring regulation of lunar 
exploration and use until those activities have 
become imminent; 
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4. the desirability of declaring a moratorium on the 
cxploitation of lunar resourccs pending establishment 
of an international consensus on the disposition of 
lunar resources. 
For purposes of clarity, this discussion will consider the 
question of lunar resources from the perspective of these 
subissues. 
a .  A r t i c l e  11 and National A p p r o p r i a t i o n  of Lunar Resources 
Since 1973 two nain positions on the question of national 
appropriation of lunar resources have emerged. The United 
States takes the position that the Article I1 prohibition 
against appropriation of the moon and other celestial bodies 
does not prohibit acquisition of propriety rights in the 
natural resources of the moon.' They interpret Article I 1  as 
prohibiting a state from exercising sovereignty over parts 
of the moon, but not prohibiting a state from gaining proprie- 
torship over goods, including natural resources, which they take 
or "capture" from the moon. ' This conceptual distinction 
between prohibited sovereignty and permitted proprietorship of 
natural resources is based on the provisions in Articles I and 
I11 of the Outer Space Treaty, which expressly permit states 
to "use" the moon.8 As a result, those delegations argue that 
prohibition of ownership of the natural resourccs of the moon 
would require alteration of existing law as embodied in the 
Outer Space Treaty. 
The Sovict position reaches the same conclusion by somewhat 
different reasoning. The Soviets advocate strengthening the 
Article I1 prohibition. In particular, they argue that the 
right of states to axplore and use the moon, and the practical 
establishment of moon stations, does not create an ownership 
9 
right. to the surface or subsurface. However, as made clcar 
in the Soviet Draft Moon Treaty, the Soviets would expand and 
clarify Article I1 by expressly enumerating t!lc entities to 
whom this prohibition allegedly applies. Under the Sovict 
approach, the prohibition would cover international organiza- 
tions, private organizations, and individuals, as well as 
states. lo flowever, the Soviet dclepation argues that the 
Article I1 prohibition docs not apply to natural resources, 
and that the rights to thcse resources for exploitation for 
either local moon requirements or for transportation to Earth 
are not defined in the Outer Space Treaty. l1 Both delegations 
agree that the status of the moon's natural resources should 
be deterziined in the moon treatv without any restrictions due 
to the ban on national appropriation in Article 11 of the 1967 
(,uter Space Treaty; instcad, beneficial ownership of such 
resources would be given to those states that are actually 
making use of them. 
The point of view espoused by the United States, the Soviet 
Union an3 other potential space powers is opposed by a bloc 
of developing countries, led by the delegation of Argentina. 
The Argentine position recognizes two classes of ownership. 
The first, d i r e c t  or cmincnt domain, is considered prohibited 
by Article 11. The second, beneficial ownership (domain - util)
is the enjoyment, receipt of the fruits and profit 
derived from property which is either unowned or commonly 
owned. l2 Because of their support of the principle of the 
common heritage of mankind, the developing countries maintain 
that lunar resources are owned in common by all members of the 
international community and is protected against national 
appropriation by the provisions of Article 11. 13 
b.  The Impact of t h e  Cotwept o f  t h e  "Common Her i tage  
o f  Mankind" 
Closely related to the issues su~rounding application of 
Article I 1  to lunar rcsources is the questior of the applica- 
bility of the evolving concept of thc "common heritage of 
mankind." Professor Aldo Armando Cocca, who heads the Argcntine 
delegation, is the concept's leading advocate. In essence, 
the common heritage principle would secure beneficial ownership 
(domain Gtil) - of lunar resources for all members of the inter- 
national community. Consequently, if adopted, that cor~cept 
would prevent individual states from appropriating lunar 
resources for individual use; instead, some form of sharing 
arrangement would be mandated. Such arrangements could require 
equitable allocation either of the resources extracted from 
the moon or of profits derived from the sale of these resources. 
Professor Cocca admits that both negative and positive 
consequences are to be anticipated from granting beneficial 
ownership of the moon to all of the states. The projected 
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negative aspects - -  including inhibition of commercial initia- 
tives - -  would affect only those countries which now have the 
capacity to reach outer :pace. However, Professor Cocca 
maintains that all states, including the space powers, will 
benefit from lunar development on that basis. In particular, 
Professor Cocca has identified the following specific benefits: 
- -  a realization on the part of all States and peoples 
that they arc entitled to the benefits derived from 
the principles and norms established for outer 
space and celestial bodies; 
- -  the need to link to the exploration and use of 
space and celestial bodies the exploitation 
thereof; 
- -  the search for profit, with an attempt to ensure 
its results; 
- -  equitable sharing of profits derived; 
- -  consideration of the needs and interests of 
developing countries; 
- -  supervision of this activity with a view to 
equitable distribution; 
- -  the institution of an international regime; 
- -  the establishment of appropriate procedures for 
such regime; and 
- -  the existence of international machinery or an 
international authority to give effect to all the 
expectations that have been voiced. 14 
The Soviet delegatioc has opposed the inclusion of thc 
"common heritage" concept in the draft moon treaty because 
it provides in effect for common ownership of lunar resources, 
which conflicts with the Soviet position, first, that no 
property interest chould be created prior to the time the 
minerals are extracted from the moon's surface or subsurface, 
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and second,  t h a t  upon e x t r a c t i o n ,  b e n e f i c i a l  ownership shou ld  
v e s t  i n  t h e  e n t i t y  u n d e r t a k i n g  t h e  mining o p e r a t i o n ,  The 
u n d e r l y i n g  r a t i o n a l e  is  t h a t  s i n c e  t h e  Outer  Space T r e a t y  
f o r b i d s  n a t i o n a l  a p p r o p r i a t i o n ,  t h e  t e rm w h e r i t a g e , H  which 
is e s s e n t i a l l y  a  p r o p e r t y  concep t ,  should  n o t  be u sed  i n  t h e  
moon t r e a t y  because  i t  goes  f a r  beyond t h e  "common p r o v i n c e  
o f  a l l  mankind" language  s a n c t i o n e d  i n  t h e  Outer  Space T r e a t y .  1 5  
S o v i e t  commentators zdd t h a t  t h e  movement t o  i n c o r p o r a t e  t h e  
concept  i n t o  t h e  law o f  t h e  s e a  i s  a  s e r i o u s  h ind rance  t o  
t h e  comple t ion  o f  moon t r e a t y  n e g o t i a t i o n s  a d o p t i o n  because  
o f  t h e  v a r i a n c e s  between n a t i o n a l  i n t e r e s t s  w i t h  r e s p e c t  t o  
ocean r e r o u r c e s  and co r r e spond ing  i n t e r e s t s  on t h e  moon. 1 6  
Although t h e  Uni ted  S t a t e s  i s  opposed t o  i n c o r p o r a t i o n  
o f  t h e  concept  i n t o  t h e  moon t r e a t y ,  i t  h a s  n o t  t a k e n  a  s t r o n g  
s t a n d  a g a i n s t  t h e  "common h e r i t a r e "  concep t .  l7 The Uni ted  
S t a t e s  has  t a k e n  t h e  p o s i t i o n  t h a t  i t  w i l l  a c c e p t  i n c l u s i o n  
o f  t h e  p h r a s e  o n l y  i f  it  i s  d e f i n e d  a s  n o t  c a r r y i n g  any e x p r e s s e d  
o r  impl ied  p r o h i b i t i o n  o f  e x p l o i t a t i o n  o f  t h e  moon's n a t u r a l  
r e s o u r c e s .  l8 The Uni ted  S t a t e s  w i l l  s u p p o r t  an e q u i t a b l e  
s h a r i n g  of  t h e  b e n e f i t s  o f  such  e x p l o i t a t i o n ,  b u t  o n l y  i f  such  
s h a r i n g  i s  d e i i n z d  a s  a l l o w i n g  expenses  of  t h e  s p a c e  program 
t o  be deducted  b e f o r e  t h e  b e n e f i t s  a r e  s h a r e d .  The Uni ted  
S t a t e s  bases  t h i s  p o s i t i o n  i n  e q u i t y  by r e a s o n i n g  t h a t  i f  i t  
were o t h e r w i s e ,  a  n a t i o n  would c a r r y  t h e  f i n a n c i a l  burden o f  
s p a c e  e x p l o r a t i o n  wi thou t  o f f s e t t i n g  t h i s  burden w i t h  t h e  
1 9  b e n e f i t s .  
Other de lega t ions  including Hungary and Czechoslovakia, 
have taken a  compromise pos i t i on  which would s p e c i f i c a l l y  
provide t h a t ' t h e  main goal i s  t o  ob ta in  t h e  b e n e f i t s  of  o u t e r  
space f o r  t h e  bene f i t  of a l l ,  but t h i s  w i l l  not be accomplished 
un less  those  coun t r i e s  ca r ry ing  t h e  expensive burden of space 
explorat ion a r e  reimbursed w i t h  a  c e r t a i n  degree of p r o f i t .  20 
A t  pre3ent t he  s t a t u s  of t h e  concept undcr i n t e r n a t i o n a l  
law i s  sub jec t  t o  extensive  debate .  21 Continued lack  of opposi-  
t i o n  i n  t h e  CPUOS negot ia t ions  i s  l i k e l y  t o  combine wi th  
p a r a l l e l  dvvelopments i n  o the r  a r e a s ,  most notably  t h e  law 
of t h e  sea ,  t o  permit evolut ion of t h e  concept i n t o  a  bincling 
p r i n c i p l e  of i n t e r n a t i o n a l  law. I f  t h e  "common her i t age"  
p r i n c i p l e  were as? l ied  genera l ly  t o  space i n d u s t r i a l  a c t i v i t i e s ,  
p r i v a t c  i n i t i a t i v e s  may never bccomc cconomically v i ab l e .  
C. Desirability of Deferring Disposition of Lunar Resources 
A s  pa r t  of t h e  pos i t i on  o f  p o t e n t i a l  space powers t h a t  
r e s t r i c t i v e  p r i n c i p l e s  should not  be appl ied t o  lunar  resources ,  
i t  i s  argued t h a t  a t  present  t he  technology and ope ra t i ona l  
i n ' s t i t u t i o n a l  arrangements a r e  not  s a f f i c i e n t l y  developed t o  
permit e f f e c t i v e  po l icy  planning,  and t h a t  premature r e s t r i c t i o n  
of lunar  development a c t i v i t i e s  would de fe r  o r  prevent  r e a l i -  
za t ion  of t he  bene f i t s  l i k e l y  t o  be ava i l ab l e  from e x p l o i t a t i o n  
of lunar resources ,  T h i s  approach i s  pa ra l l e l ed  by arguments 
p r imar i ly  made by t h e  United S t a t e s  i n  t h e  context  of t h e  e a r t h  
rasources and d i r e c t  broadcast s a t e l l i t e  debates.  V i r t u a l l y  
a l l  of t h e  delegatrons  concede t h a t  t h e  establishment of l e g a l  
p r i n c i p l e s  governing the  moon's n a t u r a l  resources  may be p re -  
mature  because technology  i s  no t  s u f f i c i e n t l y  advanced t o  p r o v i d e  
a sound, p r a c t i c a l  b a s i s  f o r  such  p r i n c i p l e s .  2 2  None the los s ,  
r e p r e s e n t a t i v e s  from t h e  deve lop ing  c o u n t r i e s  have u rged  
r e s o l u t i o n  o f  t h e  l u n a r  r e s o u r c e s  i s s u e  b e f o r e  i t  is  compl i ca t ed  
by inves tment  and r e l i a n c e  i n t e r e s t s  a r e  c r e a t e d .  28 
d. D ~ s i r a b i l i t y  of Imposing a Mornto~?:um on Lunar 
Development Pending Resotution of the Natural 
Resources Issue 
As an  element  o f  t h e  "common h e r i t a g e "  p o s i t i o n ,  t h e  
deve lop ing  n a t i o n s  want t o  impose a  morator ium i n  r e g a r d  t o  
any  development and e x p l o i t a t i o n  o f  r e s o u r c e s  on t h e  moon 
u n t i l  an  I n t e r n a t i o n a l  a r rangement  i s  made, under  which a l l  
c o u n t r i e s  w i l l  d i r e c t l y  p a r t i c i p a t e  i n  o r  b e n e f i t  f r c n  such  
development and e x p l o i t a t  i on .  2 4  I n  r e s p o n s e  t o  t h e  p r e m a t u r i t y  
argurncnts d i s c u s s e d  above,  t h e  deve lop ing  n a t i o n s  p o i n t  t o  t h e  
paradox t h a t  a t  p r e s e n t  i t  i s  t o o  e a r l y  t o  e l a b o r a t e  upon t.he 
s p a c e  l e g a l  p r i n c i p l e  govern ing  t h e  moon and i t s  e x p l o i t a t i o n  
because  t echno logy  i s  n o t  s u f f i c i e n t l y  advanced,  and i n  t h e  
f u t u r e  i t  w i l l  be  t o o  l a t e  t o  do such  e l a b o r a t i o n  because  a 
de  f a c t 0  s i t u a t i o n  w i l l  a l r e a d y  e x i s t . 2 5  The s o l u t i o n  t o  t h e  
dilemma, i t  i s  a rgued  i s  a  morator ium on cievelopment u n t i l  
a p p r o p r i a t e  p o l i c y  g u i d e l i n e s  a r e  fo rmu la t ed .  
The s p a c e  powers and o t h e r  i n d u s t r i a l i z e d  n a t i o n s  m a i n t a i n  
t h a t  such  a  moratorium would d i s c o u r a g e  any c o u n t r y  from c a r r y i n g  
on any program des igned  t o  i n v e s t i g a t e  even  t h e  p o s s i b i l i t y  
o f  commercial  u s e  o f  l u n a r  r e s o u r c e s ,  and would e l i m i n a t e  any 
i n c e n t i v e  f o r  t h e  development o f  t h e  t echno logy  r e q u i r e d  
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f o r  e x p l o r a t  ion  and development .  Thc pro . t i c a l  e f f e c t  would 
n o t  be t o  enccurage  t h e  n e x t  l o g i c a l  s t a g e  i n  l u n a r  e x p l o r a t i o n  
o r ,  i f  t h e  scope  o f  t h e  t r e a t y  i s  broadened ,  i n  t h e  e x ? l o r a t i o n  
o f  o t h e r  c e l e s t i a l  bodies ."  Pcr  t h a t  r e a s o n ,  t h e  Uni ted  S t a t c s  
i n  p a r t i c u l a r  is  s t rong;?  opposcd t o  any s o r t  o f  morator ium.  
One U.S. commentator has  a rgued  t h a t  t h e  moon t r e a t y  shou ld  be 
s t r u c t u r e d  t o  p r o n o t c  r a t h e r  t h a n  d e l a y  e x p l o i t a t i o n .  2 7  T h i s  
comment is  p a r t i c u l a r l y  i n c i s i v e  because  i t  h i g h l i g h t s  a  
fundamental  p o l i c y  q u o s t i o n  r e f e r r e d  t o  p r e v i o u s l y  i n  t h e  
d i s c u s s i o n s  o f  i n t e r n a t i o n a l  d i r e c t  b r o a d c a s t  T n ;  e a r t h  
r e s o u r c e s  s a t e l l i t e  p o l i c y ;  t h e  c h o i c e  between r a p i d  o p e r a t i o n a l  
implementa t ion  and f u l l - s c a l e  i n t e r n a t i o n a l  p a r t i c i p a t i o n ,  
The r e s o l u t i o n  o f  t h i s  q u e s t i o n  f o r  each  new t echno logy  o r  
s p a c e  a c t i v i t y  w i l l  i n f l u e n c e  t h e  v i a b i l i t y  o f  commerciai  
e n t r y .  
2. Scope  of t h c  Moou Tzaea ty  
The secon2 major  u n r e s o l v e d  i s s u e  c e n t e r s  upon t h e  s cope  
of  t h e  proposed t r e a t y .  On one hand, t h e  o r i g i n a l  i n i t i a t i v e s  
i n  t h i s  a r e a  were focused  s p e c i f i c a l l y  on t h e  moon. However, 
o t h e r s  have a rgued  t h a t  t h e  t r e a t y  should  cover  " t h e  Moan and 
o t h e r  c e l e s t i a l  bodies"  i n  acco rdancc  w i t h  t h e  language: o f  t h e  
1967 Ou te r  Space T r e a t y .  2 8  The former  p o s i t i o n  i s  t a k e n  
p r i m a r i l y  by s p a c e  powers who wish  t o  avo id  e s t a b l i s h m e n t  o f  
any r e s t r i c t i o n s  on e x p l o r a t i o n  of  o t h e r  c e l e s t i a l  b o d i e s ,  
and t h e  l a t t e r  is  t aken  by Argen t ina  and t h e  deve lop ing  c o u n t r i e s ,  
which a r e  a t t e m p t i n g  t o  e s t a b l i s h  t h e  "common h e r i t a g e "  approach  
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i n  a s  many new a r e a s  a s  p o s s i b l e .  Ilowever, d e s p i t e  t h e  
d i v e r g e n t  i n t e r e s t s  o f  t h e  two b l o c s ,  r e s o l u t i o n  o f  t h e  
n a t u r a l  r e s o u r c e s  i s s u e  i s  l i k e l y  t o  i n c o r p o r a t e  a  s o l u t i o n  
f o r  t h i s  i s s u e  a s  w e l l .  The most l i k e l y  compromise w i l l  l i m i t  
t h e  e x p r e s s  scope o f  t h e  t r e a t y  t o  t h e  moon, b u t  pe rmi t  arguments  
by analogy r e g a r d i n g  t h e  management o f  o t h e r  c e l e s t i a l  b o d i e s  
u n t i l  more s p e c i f i c  i n t c r n a t i o n a l  i n s t r u m e n t s  - re  approved.  
3 .  P r i o r  I n f o r m a t i o n  
The f i n a l  un re so lved  i s s u e  r e l a t i n g  t o  t h e  d r a f t  moon 
t r e a t y  concerns  t h e  n a t u r e  and scope  o f  i n f o r m a t i o n  e a c h  s t a t e  
w i l l  be r e q u i r e d  t o  f u r n i s h  p r i o r  t o  t h e  commencement o f  
l u n a r  mi s s ions .  The p o s i t i o n s  on t h i s  i s s u e  do n o t  f o l l o w  t h e  
d i v i s i o n s  i d e n t i f i e d  on t h e  o t h c r  two i s s u e s .  
The S o v i e t  delegation a r g u e s  t h a t  s t a t e s  shou ld  n o t  b e  
r e q u i r e d  t o  p rov ide  p r i o r  i n f o r m a t i o n  conce rn ing  t h e i r  m i s s i o n s  
because t h e  1967 Outer  Space T r e a t y  a l r e a d y  e s t a b l i s h e s  
a p p r o p r i a t e  c r i t e r i a  f o r  t h e  exchange o f  i n f o r m a t i o n ,  and 
anymore s t r i n g e n t  requi rement  would r e q u i r c  a l t e r a t i o n  o f  
e x i s t i n g  law and would amount t o  an a t t e m p t  t o  i n t e r f e r e  
i n  t h e  domes t ic  a f f a i r s  of  each  l aunch ing  s t a t e .  The l a t t e r  
c o n t e n t i o n  i s  based on t h e  n o t i o n  t h a t  mandatory advance 
n o t i f i c a t i o n  i m p l i c i t l y  c o n t a i n s  t h e  r i g h t  o f  o t h e r  s t a t e s  t o  
e x p r e s s  p r o t e s t .  2 9  
In  c o n t r a s t ,  t h e  Uni ted  S t a t e s  s u p p o r t s  advance n o t i f i c a -  
t i o n  on t h e  grounds t h a t  i t  would avo id  d u p l i c a t i o n  and 
s t i m u l a t e  s c i e n t i f i c  e f f o r t s .  30 
316 
The developing  n a t i o n s  suppor t  ve ry  thorough and wide 
r ang ing  p r i o r  d i s s e m i n a t i o n  of in fo rma t ion .  I n d i a  has  even 
proposed i n . o n e  o f  i t s  working pape r s  t o  t h e  Legal Sub- 
Committees t h a t  a l l  n a t i o n s  be o b l i g a t e d  t o  s h a r e  d i s c o v e r i e s  
o f  n a t u r a l  r e s o u r c e s  (which i s  n o t  c u r r e n t l y  r e q u i r e d  i n  t h e  
d r a f t  t r e a t y ) .  31 The d e l e g a t i o n  from B u l g a r i a ,  which i s  one 
o f  t h e  l e a d i n g  advocates  o f  compromise on a l i  t h r e e  unreso lved  
i s s u e s  of  t h e  Dra f t  Moon T r e a t y ,  s u g g e s t s  t h a t  t h e  p o i n t  i n  
t ime  t o  r e q u i r e  a l l  s t a t e s  t o  g i v e  in fo rma t ion  concern ing  moon 
miss ions  i s  "as soon a s  p o s s i b l e  a f t e r  launching."  Ccmpromise 
on t h a t  b a s i s  appea r s  p o s s i b l e  w!l.icil w i l l  deve lop  on t h i s  
i s s u e  . 32 
B. P r o s n e c t s  f o r  Resolu t ion  of  t h e  Moon T r e a t v  
I n  c o n t r a s t  t o  t h e  CPUOS d e b a t e s  on d i r e c t  b roadcas t  and 
e a r t h  r e source  s a t e l l i t e s ,  t h e  United S t a t e s  and t h e  S o v i e t  
Union have t aken  s i m i l a r  p o s i t i o n s  o c  t h e  i s s u e s  r a i s e d  by t h e  
d r a f t  moon t r e a t y ,  i n  p a r t i c u l a r  on t h e  key q u e s t i o n  of t h e  
d i s p o s i t i o n  of  l u n a r  r e s o u r c e s .  Both o f  t h e  major space  
powers, a s  w e l l  a s  a  number of  t h e  s t a t e s  which a r e  p r e s e n t l y  
developing  space  c a p a b i l i t i e s  have pe rce ived  t h e i r  i n t e r e s t s  
t o  be b e s t  s e rved  by postponing t h e  r e s o l u t i o n  of  t h e  i s s u e  
o f  t h e  l e g a l  s t a t u s  of t h e  n a t u r a l  r e s o u r c e s  of t h e  moon, i f  
agreement can  only  be based on a "common h e r i t a g e "  approach 
w1:ich d e p r i v e  t h e  space  powers of  a ve ry  v a l u a b l e  advantage 
w i t h  r e s p e c t  t o  t h e  e x p l o i t a t i o n  o f  t h o s e  r e s o u r c e s .  
The developing  n a t i o n s  have pe rce ived  d e l a y  t o  be c o n t r a r y  
t o  t h e i r  i n t e r e s t s .  They a l s o  a r e  aware t h a t  t h e i r  demand t o  
i n c l u d e  t h e  "common h e r i t a g e w  language i s  one o f  t h e  main 
impediments t o  e s t ab l i shmen t  o f  an  i n t e r n a t i o n a l  consensus on 
p r i n c i p l e s  t o  govern t h e  e x p l o r a t i o n  and e x p l o i t a t i o n  o f  t h e  
moon's r e sources .  A s  a  r e s u l t ,  some s i g n i f i c a n t  p r e s s u r e  t o  
s o f t e n  demands f o r  i n c o r p o r a t i o n  o f  ttcommon h e r i t a g e "  language 
i s  be ing  e x e r t e d .  Howevzr, s i n c e  t h e  l e s s  developed c o u n t r i e s  
a r e  seek ing  t o  e s t a b l i s h  ttcommon h e r i t a g e t t  regimes i n  a  number 
o f  a r e a s ,  i n c l u d i n g  t h e  deep seabed,  t h e y  a r e  u n l i k e l y  t o  
s o f t e n  t h e s e  demands t o  any s i g n i f i c a n t  degree .  Consequent ly,  
r a p i d  r e s o l u t i o n  o f  t h e  CPUOS n e g o t i a t i o n s  on t h e  d r a f t  moon 
t r e a t y  is  u n l i k o l y .  I n  t h e  absence o f  a  major p o l i c y  i n i t i a t i v e  
propos ing  mutual ly  a g r e e a b l e  r e s o l u t i o n  of a  number o f  d i v e r s e  
i s s u e s ,  p r o t r a c t e d  n e g o t i a t i o n s  may be a n t i c i p a t e d .  The United 
 ati ions conference  on s c i e n c e  and technology proposed f o r  1979 
may p rov ide  a framework f o r  such an i n i t i a t i v e .  
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PART IV: CONCLUSIONS 
The foregoing analysis raises a fundamental question 
relating to the extent to which and the conditions under which 
the private sector will be permitted to participate in the 
development of outer space. On one hand, in some cases in the 
United States the responsibility for operational implementation 
has been left to the private sector. The most significant 
example is the case of communications satellite technology. 
On the other hand, current trends are leading away from signi- 
ficant private sector participation. Consequently, the private 
sector should be concerned that its option to participate 
may be eroded. 
Assumption by the private sector of responsibility for 
operational activities suggests a wide range of potential 
benefits for national interests. First, commercial enterprises 
are likely to promote institution and provision of full-scale, 
high quality operational services on a more timely and efficient 
basis than any of the other institutional alternatives. Second, 
commercial implementation would permit the fe?eral government 
to focus its efforts on appropriate research and development 
activities. That approach gives rise to three advantages. 
First, the combination of government research and private 
sector implementation has pro-ren highly effective in maximizing 
the realization of the potential benefits of technological 
development. Second, concentration of federal efforts on 
research and development will result in minimization of federal 
expenditbres consistent with optimum technological development. 
Third, private sector implementation would make the system 
operation and service offerings responsive to marketplace 
demand rather than the congressional budgetary cycle, with 
concomitant positive implications for the quality and consis- 
tency of service. 
Another advantage from private sector operation of mature 
systems i~ based on the positive effects for national economic 
develcpqent. Although any other institutional approach may 
promote economic development, commercial implementation is 
more likely to maximize the multiplier effects throughout the 
national economy. 
These and other considerations suggest that private sector 
participation in space operations is desirable. Nmetheless, 
a number of trends suggest that national and international 
policy may be moving away from promotion of full-scale commercial 
involvement. On the national level, that tendency is evidenced, 
for example, by the legislative trends. In August 1976, 
Senator Moss introduced a bill to establish an operational 
earth resources satellite system based on private sector 
initiatives. In January of this year, Senator Ford introduced 
a related bill which removed the private sector mandate, 
allocating operational responsibility to NASA and to the 
Department of the Interior. 
A number of parallel trends are apparent in the interna- 
tional arena. Evcn the cornerstone of international space 
law,  t h e  1967 Outer  Space T r e a t y ,  c r e a t e s  t h e  f o u n d a t i o n  f o r  
l i m i t a t i o n  of  p r i v a t e  s e c t o r  involvement .  A r t i c l e  1 ( 1 )  is  
s a i d  t o  r e q u i r e  space  a c t i v i t i e s  t o  be c a r r i e d  o u t  " f o r  t h e  
b e n e f i t  and i n  t h e  i n t e r e s t s  o f  a l l  c o u n t r i e s . "  I f  any 
o p e r a t i v e  e f f e c t  i s  g iven  t o  t h a t  p h r a s e ,  it cou ld  d i m i n i s h  
t h e  v i a b i l i t y  of  commercial v e n t u r e s .  S i m i l a r l y ,  Articles V I  
and VII of  t h e  Outer  Space T r e a t y ,  a s  w e l l  a s  t h e  Convent ion 
on I n t e r n a t i o n a l  L i a b i . l i t y  f o r  Damage Caused by Space O b j e c t s  
c o n t a i n  p r o v i s i o n s  which p o t e n t i a l l y  r e q u i r e  r e l a t i v e l y  
r e s t r i c t i v e  governmental  s u p e r v i s i o n  o f  n a t i o n a l  - -  i n c l u d i n g  
commercial - -  space  o p e r a t i o n s .  S u p e r v i s i o n  i s  l i k e l y  t o  e n t a i l  
r e g u l a t i o n  and r e s u l t a n t  l i m i t a t i o n  o f  o p e r a t i o n a l  f l e x i b i l i t y .  
Of cou r se ,  t h e  t r e a t y ' s  p r o v i s i o n s  ss i n t e r p r e t e d  by t h e  
Uni ted  S t a t e s  a r e  no t  comple t e ly  n e g a t i v e .  For example,  
A r t i c l e  I 1  a rguab ly  does  n o t  i n h i b i t  a p p r o p r i a t i o n  o f  o u t e r  
s p a c e  o r  p o r t i o a s  o f  c e l e s t i a l  bod ie s  by p r i v a t e  e n t e r p r i s e s .  
However, t h i s  c o n s t r u c t i o n  i s  n o t  u n i v e r s a l .  A s  n o t e d  i n  
S e c t i o n  111 of  P a r t  1 1 1  above,  t h e  S o v i e t s  i n t e r p r e t  Art icle I1 
t o  p r o h i b i t  a p p r o p r i a t i o n  by any e n t i t y ,  i n c l u d i n g  commercial  
e n t i t i e s .  I n  a d d i t i o n ,  a  number o f  c u r r e n t  t r e n d s  sugges t  
t h a t  p r i v a t e  s e c t o r  involvement i n  t h e  implementa t ion  o f  new 
s p a c e  t e c h n o l o g i e s  w i l l  n o t  be encouraged.  F i r s t ,  n e g o t i a t i o n s  
p r e s e n t l y  underway g e n e r a l l y  do n o t  t a k e  p r i v a t e  s e c t o r s  
i n t e r e s t s  s u f f i c i e n t l y  i n t o  accoun t .  In a d d i t i o n  t o  a c t i o n s  
r e l a t i n g  t o  t h e  a d o p t i o n  o f  t h e  p o t e n t i a l l y  r e s t r i c t i v e  
p r i n c i p l e s  d i s c u s s e d  above i n  S e c t i o n s  1-111  of P a r t  111, 
s p e c i f i c  e f f o r t s  have been made t o  preclude p r i v a t e  s e c t o r  
p a r t i c i p a t i o n  i n  both d i r e c t  broadcast ing and s a t e l l i t e  remote 
sensing. The reasons f o r  t he se  tendencies  appear t o  be t h r e e -  
fo ld .  First, t h e  negot ia t ions  a r e  conducted between governments, 
and most de lega t ions  do not  have na t i ona l  p r i v a t e  s e c t o r  
i n t e r e s t s  i n  space development t o  p r o t e c t ,  and a s  a  r e s u l t ,  
advocate p o l i c i e s  which p ro t ec t  na t i ona l  i n t e r e s t s  r a t h e r  
than promote commercial development. Second, negat ive  a t t i t u d e s  
toward i n t e r n a t i o n a l  commercial ventures  mot ivates  even space 
powers t o  p lace  concern regarding i n t e r n a t i o n a l  repercuss ions  
above na t iona l  commercial i n t e r e s t s .  F ina l l y ,  p r i v a t e  s e c t o r  
i n t e r e s t  i n  p a r t i c i p a t i n g  i n  opera t iona l  space act i- . -- t ies  has 
been somewhat unders ta ted,  poss ib ly  because of t h e  low l e v e l  
of market development. 
The lack  of emphasis on p r i v a t e  s e c t o r  i n t e r e s t s  i n  
i n t e r n a t i o n a l  negot ia t ions  i s  complicated by t h e  demands of 
l e s s  developed coun t r i e s  t o  t r e a t  space and o ther  resources  
a s  t he  "common h e r i t a g e  of mankind." The t r end  toward ma2datory 
l i c ens ing  of a c t i v i t i e s  r e l a t i n g  t o  t h e  e x p l o i t a t i o n  of  seabed 
resources  may be extended t o  t h e  moon and o t h e r  c e l e s t i a l  
bcdies.  The a l l o c a t i o n  of geos ta t ionary  o r b i t a l  s l o t s  by t h e  
ITU according t o  an - a p r i o r i  p lan r a t h e r  than  a c t u a l  use i s  
another i nd i ca t i on  of t h e  t r end  i n  t h i s  d i r e c t i o n .  
P a r a l l e l i n g  t h e  evolut ion of t h e  "common her i tage1 '  concept 
i s  a  tendency toward i n t e r n a t i o n a l  p o l i c i e s  mandating i n t e r -  
na t i ona l  p a r t i c i p a t i o n  and shar ing.  A t  p r e sen t ,  t h e  t rend i s  
evident in proposals relating to direct broadcast and earth 
resources satellite activities. The "common heritage" approach 
to disposition of lunar resources is conceptually similar. 
This trend could lead eventually to sharing of facilities, 
space vehicles, products, and perhaps even profits of space 
ventures. Private sector participation could be jeopardized 
by any of those results. 
Although there is ample evidence to support the existence 
of these tendencies, their strength should not be overestimated. 
First, the current series of CPUOS negotiations has been in 
progress for a number of years, and final resolution of out- 
standing issues is not expected for some time. Until those 
negotiations are completed, dilect impact on space activities 
is likely to be somewhat limited. Second, as institution of 
operational services becomes imminent, some shifts away from 
restrictive political positions toward more practical, results- 
oriented approaches may occur. Consequently, the trends 
described above are likely to be reversible under appropriate 
conditions. From the perspective of the private sector, a 
thorough evaluation of this possibility appears desirable, in 
light of the possibility that advances in sqace technology may 
create attractive business opportunities. 
To maximize effectiveness, the suggested approach should 
focus on the devklopment of an ability to respond to legal, 
institutional and policy developments which will either affect 
particular space industrial activities directly or create 
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precedents  which w i l l  i n f l u e n c e  f u t u r e  p o l i c y  d e c i s i o n s .  S ince  
space s e r v i c e s  a r e  l i k e l y  t o  a f f e c t  both n a t i o n a l  and i n t e r -  
n a t i o n a l  i n t e r e s t s ,  t h e  scope o f  t h i s  ~ p p r o a c h  should encompass 
both  s e t s  o f  c o n s i d e r a t i o n s .  In  a d d i t i o n  t o  t h e  i n t e r n a t i o n a l  
d e l i b e r a t i o n s  desc r ibed  i n  t h e  p r e s e n t  memoradnum which a r e  
l i k e l y  t o  i n f l u e n c e  t h e  n a t u r e  and scope of  i n t e r n a t i o n a l  
a c t i v i t y ,  n a t i o n a l  policymaking a c t i v i t i e s  a r e  c u r r e n t l y  
underway, e s p e c i a l l y  i n  t h e  e a r t h  r esources  and d i r e c t  broad- 
c a s t  a r e a s ,  which a r e  l i k e l y  t o  a f f e c t  p r i v a t e  s e c t o r  i n t e r e s t s  
i n  a  number of  space i n d u s t r i a l  a c t i v i t i e s .  The most s i g n i f i -  
c a n t  example i s  t h e  l e g i s l a t i o n  in t roduced i n  t h e  Senate  t o  
e s t a b l i s h  an o p e r a t i o n a l  e a r t h  r esources  s a t e l l i t e  system. 
In  o r d e r  t o  p r e s e r v e  i t s  o p t i o n  t o  p a r t i c i p a t e  i n  t h e  develop- 
ment of  o u t e r  space ,  t h e  p r i v a t e  s e c t o r  should develop t h e  
a b i l i t y  t o  respond t o  s i g n i f i c a n t  i n i t i a t i v e s  o r  t r e n d s .  
This  response c a b a b i l i t y  should be based on adequate  
informat ion .  Consequently,  e f f e c t i v e  monitoring a c t i v i t i e s  
a r e  cons idered  d e s i r a b l e .  The o b j e c t i v e s  o f  t h o s e  a c t i v i t i e s  
should be t o  i d e n t i f y :  
1. s i g n i f i c a n t  i n t e r e s t s  a f f e c t e d  by each ca tegory  of 
space i n d u s t r i a l  a c t i v i t y ;  
2 .  main a c t o r s ,  both  i n s t i t u t i o n s  and i n d i v i d u a l s ;  
3. main p o l i c y  c o n s i d e r a t i o n s ;  and 
4 .  key d e c i s i o n  p o i n t s .  
To achieve  t h e  necessary  l e v e l  of  e f f e c t i v e n e s s ,  monitoring 
should be conducted on a  s y s t e m a t i c ,  on-going b a s i s .  
However, a systematic approach is difficult because of the 
IF i. broad array of material considerations. Consequently, a means 1 1  j : 
of selecting monitoring activities to provide both manageability I* 
j ' 
and accuracy must be developed. There are management tools 1: 
1: 
which permit a comprehensive view of the process of developing 
a technology from initial experimentation through operational 
implementation. Such a framework could facilitate identification I' I 
of key activities and trends and could provide the basis for 
anticipating and responding to developments relevant to future 
space industrial efforts. 
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INTRODUCTION 
From the court school of Charlemagne in the beginnil~g of the 
ninth century through the founding of the universities and 
schools of Europe, education has consistcd basically of both 
the impartation of culture and knowledge and crreer training. 
The printed word and the teacher were the major learning media 
and the student was required to be in attendancc at the school 
in order to participate in school functions. The modern 
school system reflects the institutionalization of the western 
educational tradition, and is now being acted up-m by new 
forces which may require great change to allow the school to 
fulfill both its traditional purpose and the new duties that 
have been relegated to the educational community. 
New media, examples being televised instruction, video and 
audio cassettes, computer managed and assisted instruction 
(CMI and CAI), radio broadcasting, film and slide media, have 
been incorporated with varying degrees of success in the 
school context. Distribution a r d  implementation of these 
media has been limited by the factors of cost, applicability, 
and availability. Satellite technology has introduced a 
synoptic distrildtio~ system for various transmittable edu- 
cational media. Early educational satellite experiments have 
shown certain strengths aud weahriesses of this approach. 
To the present, the cost of communications satellite distri- 
bution for educational programming has bce~r high. There 
emerges from the literature a paradigm which applies.equaJly 
to other educational applications. This is, that all media 
are effective within certain applications and under certain 
constraints. i i  remains for us to identify the areas of 
appliczLility of c~mmunic~t;cz satellite tcchnclogy and to 
apply present or improved tr~-hnology xithin the identified 
constraints. 
The extra-terrestrial imperative is an optimistic possibility 
for human advancement. It is bas,: on the concept of in- 
telligent growth, the need and availability of space to meet 
terrestrial problems, and the global psychology of concen- 
trated human effort. Rene Dubos notes that mankind may be 
developing into a super-organism. Man's cumulative planetary 
consciousness based on evolution and sur~ival needs may over- 
come the geogrephical limitations which exist on earth. 
Enlarging human options requires education to make these 
options understandable, participatory, and operational. 
The individual human organism primarily seeks survival and 
security and perceives education as the vehicle for providing 
the necessary mental and phvsical prowess. But humans are 
only willing to sacrifice so much for the privilege of education 
as has been noted in the inability to pass school bond issues, 
or the slowness with which many groups and nations establish 
effective educational systems. The desire seems to be there 
but the means is often lacking. 
Let' us look then at the components of an educational system 
based on, and perhaps enhanced by, space industrialization 
communications technology. 
We will first lock at the state of the art tbday in satellite 
communication and educational media and its limitations. 
Then, outlining some basic theoretical specifications for an 
educational satellite telecommunications svst.em, we will 
examine some domestic and international mini-scenarios and 
rational for utilization of such a system. Finally, areas for 
goods and services marketed as a result of such a system, and 
jobs thrit the existence of such a system might provide are 
listed. 
Putting numbers to any system will require further development 
of cosr estimates and capabilities of proposed space indus- 
trialization communication systems, but this synthesis is 
intended to spark further such development. 
1.0 Existing Systems for Communication Satellite Education. 
Since the first technical papers on communication 
satellites by 'Eric Burgess and Arthur C. Clarke in the late 
1940ts, the idea of an orbiting transmission link has been 
perceived as a less expensive mode of communication. Our 
historical experience in the development of communication 
satellites has been evolutionary, and not quantum in nature. 
Each technological jump is really a logical evolutionary step 
in the development of communications systems. From the Echo 
balloon to Telstar to ATS-1, -3, -6, and finally CTS, we see 
improvements in satellite capacity, signal quality, and a 
reduction in cost of ground facilities. The Intelsat and 
Westar systems show increasing reliability for voice, television, 
and data transniission and decreasing cost for user time in the 
commercial setting. 
1.1 Satellite Svstems. 
1.1.1 ATS-6. 
The ATS Series was designed to provide synoptic 
communications coverage to widely dispersed areas. Reception 
of signals rebroadcast from the ATS-6 satellite were to be 
accomplished wi+h low cost receivers. ATS-6 video transmission 
achieved a cost of $1000.00 per hour. Experiments involving 
the ATS satellite included: wide distribution of materials to 
geographically inaccessible areas of the United States, for 
example, Appalachi~, the Western Rocky Mountain Region, Alaska; 
and experiments in I n d i a ,  et al,, for the dissemination of 
educational and informational programming to remote villages 
which were, except for the ATS antenna, electrcnically isolated 
from the outside world. At this writing, results of the India 
experiment are still being compiled but published reports on 
the domestic experiments indicate a high degree of satisfaction 
with the technical aspect of the experiment, but due to costs 
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and the limited nature of applications thus far, a reserved 
optimism exists about future satellite utilization. 
1.1.2 CTS . 
A joint Canadian-American spacecraft, the CTS en- 
hances the spacecraft's retransmission capability to service 
smaller ground receiving stations. Additionally, CTS is being 
used on a regular basis for two-way interchange of information 
and testing video compression techniques which would reduce 
the amount of satellite time involved in sending a given 
amount of television information. The television signal is 
encoded, compressed, transmitted, and then expanded to its 
original length. This results in increased satellite relay 
capacity and reduces the overall cost of transmission by 
reducing impact on the satellite transponder. 
1.1.3 WESTAR. 
The Western Union System has launched the Westar 
satellite with commercially available television transponders, 
message switching capability, and audio transmission capability. 
The cost per television transponder per annum ranges from 1.2 
to 2.7 milliori dollars. While this seems to be a prcrhi3itive 
initial cost to non-commercial applications, it shoul 2 
pointed out that this breaks down to approximately $25,.30 per 
hour without any video compression techniques. This reduces 
ATS transmission costs by a factor of four. It is also in- 
teresting to note that Westar as a comnercial system must be 
amortized on a profit basis. 
1.1.4 Public Service Satellite Concepts. 
Recent activities and workshops at the Goddard Space 
Flight Center (October and December 1976) are tending toward 
the development of Public Service satellite utilization. The 
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concept stems from analysis by teams of highly qualified 
communicators, educators, and engineers regarding public usage 
of satellite facilities. The efforts are seen as an adjunct 
to "public broadcasting", and to fulfill the needs of non- 
profit users in our society who would presumably not be able 
to participate at commercial rates. While this approach is 
logical, based on existing technology, quant.um jumps in 
technology may make a system of this kind trivial. Technology 
tends to replace 'arge public systems with even larger and 
more prolific private systems. Leading examples of this 
include telephone versus telegraph communications, and the 
personal automobile versus mass transit. A Public Service 
Satellite organization may evolve into a regulatory agency for 
user planning rather than a source for low cost satellite 
time . 
1.2 Educational Media Communications Techniaues. 
Extensive research has been carried out over the 
past few decades on the effectiveness and appropriateness of 
educational media in the teaching process. The following list 
(from Educational Technology, - The Design - and Implementation -- of 
Learning System, CERI, Leiden, Netherlands, April 1970) depicts 
the basic media techniques found to have reasonable educational 
effectiveness: 
Print in all forms 
Moving visual and AV media (film, TV, 
videotapej 
Static visual media (slides, photos) 
Sound media (tape, radio, records) 
Situational information (role-playing, 
drama, case studies) 
Information from physical objects 
(models, simulators) 0RIG;NAL PAGE I& 
Computers (CAI, CMI) OF POQR QUALITY; 
Human resources (teachers and peers) 
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It should be noted that one medium does not necessarily account 
for a higher measured learning that any other media, but the 
applicability of different media to different situations would 
u be the deciding factor in application. 
1.2.1 Television. 
The two primary strengths of the television medium 
are 1) distribution over a wide area and 2) the ability to 
transmit visual information as well as audio. The television 
medium can be used as a resource sharing mode for education 
because it can replicate an individual in an infinite number 
of places at a given time. Television learning generally 
requires more motivation due to a lack of ready feedback in 
the pres nt system. N.B., the Stanford Educational Television 0 Network, and CTS experiments between Carlton College in Canada 
I 
and Stanford University in California, have utilized two-way 
audio to allow student feedback to a professor in a remote 
location. Given the generally high order of motivation of 
studknts participating in these programs, they have been I 
reasonably successful. It should also be pointed out that a 
television can function as a CRT data processing terminal and 
can therefore bs dual function in educational applications. 
Television has also been shown to be a successful educational 
medium for summarization and condensation, for example, drama- 
tized condensations of literary and historic occurrences, 
summaries of lectures and programs, and the capability of 
multiple repetition by video tape rebroadcast. Television 
transcends both space and time as a learning tool. The class- 
room experience in time is unidimensional while television 
provides multidimensional options and frequent repetition. 
1.2.2 Radio. 
Long perceived as the ugly stepsister of television 
by the educational community, radio has some distinct economic 
advantages. The bandwidth necessary for radio transmission 
and the power requirements both being significantly less, 
radio is cheaper to transmit and to receive. A radio receiver 
operating in the megahertz range can be purchased for under 
ten dollars while the lowest cost black and white television 
receiver still remains around seventy-five dollars. The audio 
medium is effective in factual information dissemination, and 
for those applications where visual communication is not 
necessary, for example, non-illustrated lectures, news and 
calendar events, and review sessions. In addition, radio 
information is easy to store on simple home recording cassette 
equipment and radio production costs are significantly lower 
than t h ~ s e  for television (approximately $5000.00 per hour for 
educational television versus approximately $1000.00 per hour 
for educational radio). 
1.2.3 Two-way Transmission. 
Two-way transmission (video-video, video-audio, or 
audio-audio) is a technique used only peripherally in today's 
curriculum. This is largely due to the technical difficulties 
in arranging compatible equipment and the cost of transmission. 
The simplest transmission techniques (telelecturec, etc.) 
involve audio input to a classroom with a feedback capability 
over a commercial telephone hook-up. Costs tend to be fairly 
high because there is e limlt to the number of people who can 
be adequately served in a two-way situation and a minimum cost 
on the utilization of the telephone system. Video-audio links 
and video-video links are prohibitively expensive and complex 
and have only been used in more experimental situations. Like 
the other educational media, two-way transmission has several 
distinct educational advantages. It provides interaction 
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between teacher and student; it provides an option for student- 
to-teacher feedback; and it provides real time guidance and 
evaluation by the teacher. While equipment complexity and 
costs remain high, two-way transmission cannot be seen as a 
significant educational tool, but rather as a "public service" 
device best suited to motivational and "special" usage. 
Results of various contemporary satellite test projects seem 
to bear out this conclusion (see Bibliography). 
1.2.4 Data Processing. 
As man increases his speed of travel or communication, 
he increases his capabilities unidime~.sionally by saving time, 
then when he couples this capability with large scale data 
storage and manipulation systems he is mutiplying his thinking 
power as well, and realizing greater benefits. The computer, 
as a resource in education, has been used as tutor, instructional 
manager, information dispenser, and labor saving slave. The 
increase in personal computational power over the past few 
years may be as significant for society as the increase in 
personal communication and transportation of recent decades. 
As man increases interaction with other men, his tools for 
mental extension must also interact. Stored information must 
be conveniently retrievable, and new information must be 
readily accessible. Transmission using data processing tech- 
niques provides an extremely rapid method of disemminating, 
compiling, and operating on information. Limiting cost factors 
include the cost of equipment and of "connect" time. These 
costs have been prohibitive for the individual or the educational 
user. 
1.2.5 Peer Group Learning, 
Sociometrically, peer groups are extremely influential 
learning stimulae. I r  has been argued that as much learning 
takes place from the peer group as from the institutionalized 
educational system. Peer groups form around social, religious, 
economic, geogrcphical, and intellectual lines and the increase 
in personal co!nmunication capability can increase the geo- 
graphical impact of a given peer group. In addition, peer 
groups also provide paraprofessional educational input and a 
greater effort must be made to identify and direct this stimulus 
to the most productive end possible. For peer groups inter- 
acting solely via electronic communications, for example, 
commerical telephone, connect time between members of the peer 
group is mostly limited to a one-to-one basis and is moderately 
expensive. 
1.3 Limitations of Present Systems. 
The following is an itemized summary of limitations 
that must be overcome in order to provide extensive educational 
services using the previously described educational media via 
satellite systems. 
1 :3.1 Cost of Receiver. 
Depending upon the mode of communication, a receiver 
could be a television set, a radio, or an alphanumeric readout 
device, such as CRT or hard-copy data terminal. Domestic and 
worldwide sales indicate that radio receivers are available to 
most areas of the world. Television receiver usage is restricted 
by power requirements and per unit cost, yet the number of 
television receiver units is rapidly proliferating on a global 
basis. The proliferation of data processing equipment is 
severly limited by both cost and availability and has not made 
a significant impact on education in most areas including 
areas of medium to high technology. Radio receivers and 
television receivers can be acquired for $10.00 and $100.00 
respectively, but DP equipment is at least an additional order 
of magnitude in price. 
1.3.2 Cost of Antenna. 
Assuming the presence of a large scale broadcasting 
and satellite retransmitting facility, the second major user 
expenditure would be the cost of the antenna system. As the 
power used in transmitting goes up antenna requirements and 
costs can be reduced. When the antenna cost ceases to be a 
significant fraction of the receiver cost, it will be affordable 
6y a majority of the user population (see Appendix). 
1.3.3 Cost of Transmitter (Two-way). 
Any two-way communication requires a transmitter, 
with radio transmitters significantly lower in cost than vide. 
transmitters. Technological trends suggest that the cost of .i 
r3dio transmitter can be brought within the range of a mass 
market larger than that created for Citizens Band. Television 
transmitters, however, remain complex and therefore have a 
high unit cost. 
1.3.4 Cost of Microphone/Camera (Two-way). 
The microphone or camera is the two-way transmission 
input device. Microphones of sufficient quality for personal 
broadcast are readily and inexpensively attainable and would 
be a small fraction of a total receiver-antenna-transmitter 
package. Television cameras can be obtained (vidicon) in the 
range of $200.00 to $600.00 each. Solid-state cameras (CCD or 
other compatible technology) are anticipated to cost about 
$500.00 in a mass market situation. 
1.3.5 OperationaI Ease, 
The genious of both the automobile and the telephone 
is that an individual can learn to use the device with a 
minimum of effort and that it is a highly reliable instrument. 
Experiments with ATS-1 and -3 and the necessary equipment for 
ATS-6 and CTS suggest that an additional order of magnitude 
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would be necessary in ease of operation to allow convenient 
usage of satellite communication systems on a large scale. 
Receiver units (radio/television) are already extremely easy 
to use, but transmission devices are moderately complex and 
would require design si~plification. 
1.3.6 Coordination. 
A prime weakness which the educational community has 
failed to overcome is the absence of overall coordination in 
the development and implementation of a coherent satellite 
utilization program. Different user groups with specific 
needs may have to combine or submit to an overall coordinating 
agency. This agency could be profit making in nature, or, 
less desirably, a part of government. 
1.3.7 Maintenance. 
Implementation of any large scale communications 
system requires correlative implementation of a maintenance 
program not unlike the maintenance programs established by 
manufacturers for lease or purchase products in the electronics 
industry. The absence of skilled maintenance people has been 
a limiting factor in enlarging satellite utilization from 
limited experiments to full scale operations. Each.project 
has been individually well staffed and maintained, but the 
overall expertise does not exist to support a vast extension 
of such a program at this time. 
1.3.8 Transmission Quality. 
Many of the early experiments in education using 
communication satellites have suffered from broadcast trans- 
mission quality deficiencies. High quality is requisite for a 
satisfied public. As has been evidenced with commercial 
1.3.8 --Continued. 
broadcasting, when the quality drops below certain admissible 
levels, standards to which the user has grown accustomed, user 
participation and utilization may fall off sharply. 
1.3.9 Availability/Reliability. 
The individual user of a satellite system must have 
a selection of programming and services available at a level 
of reliability at least equal to that of commercial broadcast 
services . Education, while a perceived need of the society, 
must also compete with commercial broa,lcast, and normal social 
activities for a userts time and must therefore be presented 
in a palpable and technically satisfying way. 
1.3.9.1 Time Zone Differe~xes. 
-
In making programming available, it should be n o ~ j d  
that geographic distributions may rcquire the modification of 
delivery systems to account for time zone differences. This 
is mentioned because it was identified as a problem in some of 
the international experiments undertaken with the ATS series 
satellite to unite educators from widely dispersed areas. 
2 . 0  Space Industrialization Communications Techndlogy, -
As outlined in a previous section, limitations to 
extensive utilization of present satellite technology for 
educational purposes create a somewhat discouraging picture. 
In fact, responsible political and social organizations are 
already engaged in the development of a "public service" 
scheme for educational satellites. While this concept may be 
necessary for the introduction of satellite technology to the 
people of this country and other countries, it relegates this 
type of satellite usage to the "non-profit" domain and dis- 
courages the business community (with the exception of companies 
engaged in the sale of educational materials) from participation. 
There is, however, in Kraft Ehrickets expostulation of the 
Extra-terrestrial Imperative, an option which may obviate this 
, "stepchild" approach to educational satellite telecommunications. 
That option is to utilizz Space Shuttle related technology and 
Large Space Structures (LSS) to construct a system with a 
quantum advancement in communication capability and a quantum 
reduction in user cost. The "push" provided by our present 
eduqational research and our need to increase educational 
productivity coupled with the "pullt' of a satellite user cost 
breakthrough, may make educational and related activities one 
of the prime movers for future satellite system development. 
2.1 Basic Assum~tions. 
2.1.1 Shuttle Technology/LSS. 
Any space industrialization endeavor requires the 
use of reusable launch vehicles The size of Large Space 
Structures (LsS) is dependelit upon cost factors related directly 
to payload orbital costs. 
2.1.2 Throughput Costs. 
Transmissions (either one-way or two-way) must be 
provided at nominal cost to insure maximum user utilization in 
the pirblic sector. 
2.1.3 Distribution Cuality. 
-
Distribution of broadcast material, whether by 
s~tellite direct to remote areas or by satellite to urban 
nctworks of cable or fiber optics, must be accomplished with a 
quality ~3proximating commercial broadcast levels, 
2.1.4 
--- 
Capacity. 
Availability of programming and interactive channels 
must be of such an order of magnitude as to provide extensive 
choice and easy access. This condition is parallel to the 
availability of the telephone, which can handle the majority 
of calls without major tie-ups. A limited capacity system, 
which now exists, frustrates both producers and users of 
materials for education. 
2.2 Theor<:tical Specifications for LSS Educational 
Satellite Utilization, 
User costs will be the prime factor in the success 
of any system, assuming the benefits of such a system are 
clearly perceived by the public. 
2.2.1 System Availability. 
The space industrialization c~mmunicati~ns scenario 
will assume that there are n-channels of audio available to 
the user for one-way or two-way communication, n-channels of 
video, and n-channels for data processing, The n-channels 
carry program distribution as well as individual interaction. 
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2.2.2 Antenna Costs. 
This scenario assumes an audio and video antenna 
cost for standard receivers of less than $25.00 per antenna, 
that is, per household. 
2.2.3 
- Video Transmitter/Camera. 
This study will assume the cost of a video transmitter 
and camera system capable of sufficient quality for two-way 
video interaction of less than $600.00 per unit. Note that 
this does :lot include any video storage capacity (video tape 
or video disc). While this is expensive, it at least reduces 
the cost of "getting in" co two-way video to the level of a 
major appliance purchase. 
2.2.4 Audio Transmitter/Microphone. -
This study will assume an audio transmission capa- 
bility for direct system access at a cost less than $25.00 per 
transmitter/microphon~ unit. Studies done for NASA i-dicat~ 
that this nay be a failly readily obtainable goal. 
2.2.5 On-line Costs (Connect time). 
One-way or two-way interaction for either dissemination 
or interaction for educational purposes will carry the following 
cost estimates: 
Data Processing (2-way) connect time ...$ 1.00 per hour 
Audio commnication (2-way) ............ $1.00 per hour 
Video communication (2-way) ............ $2.50 per hour 
N.B. These costs could be aihieved only with large user popula- 
tiorAs and an extremely advanced satellite system. Present 
computer network connect times can be as low as $1.50 per 
hour, for example, Telenet. Audio, now avcilable primarily 
?hrough commercial telephone, can be as low as $11.00 per hour 
coast 
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to coast, and essentially free dithin local dialing areas. 
Video transmission based on Westar technology could be available 
at about $250.00 per hour and would require a reduction of two 
orders of magnitude to scenario criteria. 
2.3 Space Industrialization Educatimal Coinmunications 
System. 
The components of ,he system envisioned in this 
scenario based on LSS technology are outlined as follows: 
2.3.1 Satellite Systzm. 
In a study for the National Aeronautics and Space 
Admiaistration, Aerospace Corporation has outlined basic 
parameters for large communication satellites and their ability 
to interact with low-cost g r o m d  terminals. This scenario 
assumes the existence of such structures exhibiting the capabili- 
ties suggested in the Aerospace Corporation study. 
1) Four LSS communications satellites would 
offer complete coverage of the continental 
United States, 
2) Each LSS would have a dimension of about 
L m r  miles square. 
2.3.2 G -und Support Systems. 
This study will assume the existence of ground 
broadcast facilities for both programming distribution and 
individual user interaction at cost levels defined in Sections 
2.2.3, 2.2.4, and 2.2.5. 
2.3.3 Coding. 
A major element of either a domestic or international 
educational satellite system is the capability of "selective" 
access to materials and individuals. Therefore, there would be 
a need for transmission coding systems. Such an encoding/ 
decoding capability would anticipate and overcome the following 
limitations : 
2.3.3.1 Political Integrity. 
In an international setting, unlimited personal 
intercommunication could be threatening to the political 
community and thereby eliminate the possibility of installing 
an LSS communications system. Domestic and international 
prograr~iming and communication when coded offers control from 
1 
misuse. 
2.3.3.2 Privacy. 
Individual users would need to be assured of privacy 
for their personal communication. Coding capabilities could 
provide the necessary privacy acting as "scrambler". 
2.3.3.3 User Analysis. 
Coding would also permit analysis of urer utili- 
zation, evaluating load factors, and permitting convenient 
documentation for billing. Coding provides an automatic 
stratification of users for a broadcasting entity. The broad- 
caster ca2 market "decodersM for specific programs similar in 
concept bdt not in hardware to the cable television subscription 
service offered today. 
2.3.3.4 User Access. 
- 
Coding provides for stratified user access within an 
educational system by allowing control of personal interaction 
and access to desired programming. Coding systems may allow 
multiplexing which provides the user with a variety of communi- 
cations media and channels at the same time. For example, the 
user may be receiving a video program while asking questions 
of a peer by overwriting the program with alphanumerics on the 
peer's video screen. 
2.3.3.5 Possible Coding Techniques. 
In an educational satellite distribution system 
coding may be provided by internal electronic circuitry, such 
as scrambler circuits with magnetic cards activating (keying) 
access to certain programming with frequency cllocation controls 
to limit certain bands to certain uses; or with controlled 
equipment compatability, for example, varying video rastors, 
baud rates, etc. 
3.0 Areas of Impact (Domestic). 
Assuming the existence of the system described in 
Section 2.0, the following mini-scenarios describe potential 
user situations in the area of education. 
3.1 The School Setting. 
Projected trends in the United States show a school 
population which is getting progressively older. Demographics 
suggest a population increase in the 19901s, but the next 
decade will be spent serving a decreasing formal school enroll- 
ment, and a substantially increasing adult student enrollment. 
3.1.1 Elementary and Secondary Activities. 
Traditional teaching involves small groups (10-30 
students) in specific locations at specific times. Additional 
respouibilities, such as sex education, hygiene, etc., have 
been placed on the schools without regard for already strong 
peer group and family pressures in these areas. Efforts to 
involve parents in the educational process is minimal because 
it requires interaction outside the normal course of school 
activity. A space industrialization communications system 
offers interesting possibilities for bringing the school to 
the home and \ice versa. N.B. No syst2m will be effective if 
the teachers or their union representatives perceive classroom 
communication devices as an invasion of a teachers privacy, or 
an excessive burden on the teachers right to controlled and 
equitable in-service evaluation. 
3.1.1.1 Scenario. 
A television camera/transmittcr wlth audio channel 
could be placed in the classroom and operated remotely and 
discretely by the teacher only. This one-way transmission can 
extend the classroom beyond its four walls. 
3.1.1.2 Parent Visitation. 
Parents can participate in school activities at 
predetermined times from their home or ofl'ice setting and 
observe the class, their child's progress, or specific learning 
or diciplinary problems. The teacher can issue code keys for 
classroom "visitation" at remote locations. An erasable 
magnetic strip, not unlike those used for admission to modern 
rapid transit systems, could allow a single limited remote 
"visit". A general ticket could be provided for scheduled 
visiting days. This would not interrupt the normal flow of 
classes and provides greater opportunities for parent parti- 
cipation. Visiting days, or model classes could also be taped 
for rebroadcast at a more convenient time. 
3.1.1.3 Sick Days. 
Children who would normally miss school activities 
due to illness or even absence c m ,  from the home or other 
remote location, participate through either one-way or two-way 
communication. Teachers can also "visit" absent pupils 
without travel to provide encouragement, give assignments, and 
answer questions. 
3.1.1.4 Rempdial Studies. 
After school hour broadcasts, offered on a demand 
basis, could provide remedial or review sessions. This is 
parallel to the professo~s "review" session on the night 
before important examinations at the university level. This 
would be especially applicable at the junior high and high 
school levels, but could, involving students and parapro- 
fessionals, become a regular feature of the school day. 
3.1.2 Scenario. 
A dozen or more video channels are 
home with background educational programming 
1;ours. 
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available in the 
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3.1.2.1 Remote Schooling. 
Children in families whose occupations require 
travel could, by following specific programming sequences, 
achieve school equivalency by testing. Not necessarily designed 
to replace the formal ed~cational setting and the learning 
motivation it provides, remote schooling could stimulate 
additional learning outside the class roo^, review for the 
slower student, stimulate the gifted child, teach the uneducated 
adults, and compensate for special social situations where 
formal education is difficult. 
3.1.3 Resource Sharing. 
As school budgets decrease due to inflation, decreased 
enrollments, and erosion of community support, it will be 
possible to share resources between districts using educational 
satellite capabilities. Video and data processinc links 
individualize instructional capability by allowing students to 
tie into the classroom or programming sequence most appropriate 
to their level and rate of achievement. This type of program 
could be shared by open scheduled schools, or schools with 
modular or traditional scheduling. The individual school 
would, using this type of system, increase its ourse offerings 
and increase the "tracks" or levels of courses for different 
student learning rates. 
3.1.3.1 Scenario. 
A teacher skilled in remedi3l reading conducts a 
district wide series of special classes, while a science 
teacher conducts a special seminar for elementary students on 
space exploration. The children participate during "open 
period" scheduled for each school at pre-arranged times. 
3.1.3.2 Scenario. 
Three high schools can participate in a talk given 
by an international sports figure and ask questions via two- 
way audio link. 
3.1.3.3 Scenario. 
Administrators and United Federation of Teachers 
representatives hold a special session informing teachers of 
their new privileges and obligations under the new contract, 
with teacher audio input from the lounges in the district's 
schools. 
3.1.4 Data Transmission-Library Services. 
Traditionally limited elementary and secondary 
school libraries can benefit by regional, district, or community 
interaction. These resources can be accessed or supplemented 
electronically using local or regional data bases. 
3.1.4.2 CMI and CAI. 
Computer Managed Instruction and Computer Assisted 
Instruction can be made available for a large number of users 
over a wide area via satellite link. The primary cost for 
these services lies in the availability of computer time and 
the cost of that time and the necessary access hardware. 
3.1.4.3 Scenario. 
Lcw cost typewriter terminals and intelligent terminals 
using data cassettes could be purchased at prices approaching 
today's electric typewriter and audio cassette recorder when 
applied to a mass market. Low "connect time" charges via 
educational satellite network c o ~ l d  provide an immense market 
for CMI and CAI program utilization. Programs could be batch 
transmitted to the intelligent terminal for later use or 
operated on-line if sufficient use; capability exists. 
3.1.4.4 Scenario. 
Educational software marketing firms utilizing net- 
work accounting procedures and evaluation monitoring programs 
can measure utilization of programs, levels of success, and 
evaluation of specific program components for continual update 
and improvement. Programmed courses are available for basic 
elementary and secondary skills, career preparation, language 
study, etc., supplementing the ,chool curriculum. 
3.2 The Home Setting. 
-4s formal education spills over into the home, many 
home educational activities can be genercted or enhanced 
through satellite communications technology. 
3.2.1 Individual Interests. 
Hobbies and career training are two areas of education 
that have experienced explosive growth in the last few years. 
The job market forces a change of careers several times daring 
a worker's productive lifetime. Hobbies (pottery, jewelry- 
making, etc.) have become not only creative pasttimes but also 
sources of supplemental income. 
Courses presently offered by community adult education 
programs and junior colleges can be distributed to large 
numbers of home users at convenient times without requiring a 
visit to a campus. With the exception of laboratory experiences 
(some of which nay still be accomplished in the home)=;factual 
information: guidance for home or small business endeavors, 
and tutoring can all be distributed via educational satellite 
system. The delive~y cost of such programming and services 
decreases with the total number of uscrs, and depending on 
that number, make the services reasonable enough for a majority 
of the population ol adult learners to participate. Many 
3.2.1.1 --Continued. 
learners who could be self-conscious or feel inferior could 
also participate from the privacy of the home setting. 
3.2.2 Peer Group Interaction. 
As outlined in previous sections peer group inter- 
action is both an important part of the social process and the 
educational process. Low cost, wide ranging communication 
capability could stimulate the development of peer group 
interaction over wider geographical areas and permit. peer 
groups for even the most specialized tasks or interests. 
Historically, peer group development was spontaneous and based 
on specific interests and needs. Tedious formalism of hmdreds 
of "national conventions" is an example of the institutionalizing 
of peer group interaction. Much more might be accomplished 
from such meetings, and many more peer groups might be formed 
if low cost, multi-channel communications capabilities existed. 
Perhaps multi-channel simultaneous communications could permit 
peer group interaction over continental and intercontinental 
distances. 
3.2.2.1 Scenario. 
Twellre computer hobbyists interested in home-built 
parallel processing computer systems but located in five 
states maintain monthlv meetings and almost nightly interaction 
via two-way audio and CRT communication comparing software and 
passing along computer architectural advice. 
3.2.3 Household Management. . 
Many fundamental societal problems stem from the 
inaoility of the individual to effectively manage his own 
affairs. Extensive educational utilization of communications 
could be extremely helpful for reaching the home with the type 
of data that would make people better managers. Parenting, 
3.2.3 Household Management. 
economic management, budget decorating, etc. can all lead to a 
better self-cancept and enhanced capability for coping with 
the modern home environment. Delivery of such educational 
materials direc,tly to the home at convenient times would be 
vital to the saccess of the program. 
3.2.3.1 Scenario. 
A course in coping with hyperactive children and 
monthly review sessions in balancing a checkbook could be 
broadcast, and questions could be answered by developing 
contacts with a local paraprofessional communications center 
or a peer group. 
3.3 The Work Setting. 
3.3.1 OJT and In-service Training. 
On the job training and in-cervice training are two 
major tasks facing any corporation or institution. Extensive 
educational programming exists either in-house or externally 
generated to fulfill these needs. Unfortunately, much of this 
information is duplicated in the name of "specialized" needs. 
Some of this duplication could be eliminated by the standardi- 
zation of certain curricular requirements agreed upon by 
businesses with similar activities, and resource-shared using 
communicative media. 
3.3.2 Re-training. 
The rapid change of technology in the economic 
market often requires professional re-training for new careers. 
Using the work setting can be a positive way of motivating 
workers to re-train for jobs within the company or outside. 
Re-training course materials cculd be purchased by the company 
from an accredited re-training company and received at t3e 
company work site through low cost educational satellite 
transmissions., 
3.3.4 Problem Solving, 
Problem solving in business and government can be 
helped using direct multi-participatory comrnunicativc links, 
The "conference call" technology is extfkmely ~risl tive and 
costly in today's communications structure. 
3.3.5 Information Systems. 
Library services for businesses based on large scale 
communications capability can interface with educational 
facilities to share research capability. The university is 
provided with the practical information of the professional 
community while the business community is linked to the theo- 
retical and academic resources of the university. 
3.4 Social and Leisure Applications. 
As leisure time increases in a society, educational 
activities become an extremely important part of the life 
process. 
3.4.1 Games. 
Games of all varieties can 'e used to teach - wel" 
as entertain and some social structures evolve into peer 
groups that stimulate other learning activities, for exa;., : l  
Star Trek games, chess societies, and athletic leagues. 
Enhanced communications and resource-sharing can make game 
playing and peer grcup development far easier, more rewarding, 
and a larger force for leisure activities. 
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3.4.2 Group Activity - Support. 
Like gaming, encouraging leisure peer groups can 
enharice the social experience of individuals if t?-5 communi- 
cations cav be maintained at a reliable and inexpensive level. 
3.5 
-, The Religious Setting, 
Althcugh the constitution expressly separates church 
and state, religious education is a large component of overall 
educational activities in this countrv. It is mentioned in 
this scenario to illustrate the f a l l i c y  ~ i t h i n  the context of 
space industrialization of assuming the necessity for u "non- 
profit" approach to educational satellite usage. If the user 
community is sufficiently large and the cast of system utiliza- 
tion is reasonable, a specific user comuikity (a part of the 
total community) can use the system at the lower commercial 
rate. Religious education is just such a component of overall 
educational satellite usage. 
3.5.1 Scenario. -- 
A religious uenomination leases satellite time for 
spxial series of historical lectures to be broadcast to ~ 1 1  
Sunday schools within a given time zone, and to remote church 
and missionary locations. Interaction channels are available 
for teachers and students to interact with resource di5cussion 
leaders at the denomination's seminary after each broadcas-t. 
4.9 Areas of Impact (International). 
The aerospacc industry is on2 of the few United 
States ;:iustries which does not suffer a penal:y in the 
international market from this country's high development and 
labor costs. Technical expertise effectively makes the United 
States a "sole sourcc" for advhnced aerospace systems including 
spaceborne hardware. Present leadership in communications and 
computer technology and the coming on-iine of the space shuttle 
reusable launch system makes space an attractive area for 
United States stimulated international development and potentiai 
exportable goods and service';. LSS for communicatims purposes 
have three basic advantages for both developed and emerging 
natiocs: 
1. The ability to distribute signals over 
wide geographical areas, 
2. The reduced cost of satellite commlmication 
s)stems versus installation of land based 
sys terns, 
* 3. The ability of a communication satellite 
system to create instant educational networks. 
4.1 The International School and Home Setti=. 
-- - 
In emerging nations: one of the most pressing needs 
is the impartation of basic skills. 
4.1.1 Reading and Writ:ng. 
The ability to read and write is fundamental for a 
society engaged in industri-l'zntion and cconomic development. 
Reading and writing also enhances a natiol~'~ ability to communi 
catc its own culturc and address specific national prob lems .  
4.1.2 Mathematical Concepts. 
Modern societies are based on monetary exchange 
systems and machinery wltrch require the use of applied mathema- 
tics. Mathematical education above simple numeration processes 
is essential to a developing country. 
4.1.3 Technoloeical Awareness. 
Thosc countries who have been most successful in 
economi development have a population with a certain level of 
technological awareness or the ability to interact with techno- 
logy in a constructive way. It is a unique challenge to make 
people at once both technologically aware and socially respon- 
sible to the obligations and culture of their country. This 
can be accomplished using an educatio3al system which stimulates 
technological understanding within the framework of a nation's 
intellectual and cultural milieu. 
4.1.4 Career Education. 
Developing countries can use satellite broadcast 
programs to teach career skills and demonstrate requirements 
for different career fields. Rural areas can receive job and 
traini-(: information which could create industry in the country- 
side or prepare them somewhat for the urban job market. 
4.1.5 Environmental Problzms. 
Responsible technological development requires an 
understanding of the effects of technology on the environment. 
All nations can encourage development with an environmental 
awareness resulting in more positive industrialized outcomes. 
For example, the HABITAT conference held in Vancouver, British 
Columbia, Canada in i976 had many examples of local materials 
being applied to meet human habitability requirements. Many 
of the programs were accomplished by par~lcipation between the 
govercment and the local populations through interaction and (r) educational training. \ 
t) 387 
4.1.6 Social Development, 
Various United Nations conferences predict increasing 
stability and quality of life. This will only be possible if 
the educational systems keep pace and stimulate positive 
social growth. Educational media distributed by satellites in 
the form of cultural programs and social programs can provide 
some of this stimulus. 
4.2 Skills in the Job Setting. 
4 . 2 . 1  Job Training. 
In addition to basic skills, specific job training 
courses for workers in obsolete professions can be carricd out 
using satellite systems similar to those mentioned in the 
domestic scenario (Section 3.3) . 
4 . 2 . 2  Upgrading. 
Continual development beyond the acquisition of 
technical job skills will be necessary to maintain development 
levels in emerging nations and developed nations. 
4 . 3  Social Interaction. 
An educational communications system based on the 
model outlined provides a vehicle for both societal change and 
intersocietal exchange of cultural and practical information. 
With governmestal security and controls provided by coding 
techniques, interaction within a society can be carried on in 
a non-threatening monner and even international interaction 
can occur withiz controlled limits. If man inhabits a "global 
village" then communication is essential if men are to interact 
and understand each other. A large space communications 
structure equipped for interpersonal interaction as well as 
educational prolram broadcasting capability provides a powerful 
tool for elevating the "have-notstt to a point where they can 
4.3 --Continued. 
begin to compete with the "haves". Costs for less productive 
educational systems would actually be more prohibitive than 
costs for educational satellite program distribution. 
4 . 4  Implementation. 
Promotion and marketing of large communications 
satellites for use by foreign countries for educational and 
communications purposes could be accomplished as outlined in 
the following sketch. 
4 . 4 . 1  
- United States Demonstration. 
Using space shuttle and LSS technology developed in 
the early 19809s, a large communication satellite can be 
constructed and put into service by the mid 1980's. This 
satellite would serve as a test bed for distribution, utilizat- 
ion, and operations problem solving, and can be moved around 
the world for on-site demonstrations and international partici- 
pation similar to the ATS-6 project, but planned in a stepped 
way to dllow the participating government to purchase the 
demonstration materials for later use. The cost of the project 
would be borne by government and industry sources, and the 
satellite would be put into commercial service upon completion 
of the demonstration experiments. 
4 . 4 . 2  International Model. 
Funding from fiscally capable foreign governments 
and/or the International Monetary Fund would then be procurred 
to build an internationally owned communications satellite 
with United States aerospace corporations acting as contractors 
and NASA acting in a cost-reimbursable launch capacity. The 
international model would be put in commercial service for the 
purchaser complete with ground and software support, Based 
upon these first two models, production schedules, amortization 
costs, and maintenance costs could be established. These 
activities could easily occur in the 1985-1988 timeframe. 
4 . 4 . 3  Production Facility. . 
With the fabrication of the first domestic models 
and international purchase, ground based construction facilities 
could be established in this country with active marketing 
programs pursued through corporate channels. Educational 
activities which are intensive in time utilization and system 
utilization can be absorbed in with the cost of normal commercial 
activities, or supported wholly by governments whose populace 
is too poor to participate, or supported by low cost user 
utilization in cnuntries where the population has sufficient 
capital resources to invest in its own education. Countries 
owning large communications satellites can also sublet trans- 
ponders for use by neighboring countries at commercial rates 
helping to reduce the overall purchase and operational costs 
of the system. 
4 . 4 . 4  Software Planning. 
Educators and technicians from the United States can 
be assigned as working groups by academic subject area to help 
purchasing countries establish viable educational programs. 
Technical support would also be made available for operational 
assistance and maintenance assistance. 
5.0 Derived Marketing Opportunities (Domestic and 
International). 
5.1 Satellite Services. 
The following product/services can be offered in 
conjunction with large scale educational communications 
satellites: 
5.1.1 Ground Fabrication. 
The satellite would be fabricated and assembled by 
the contrac~ing aerospace corporations and sub-contractors. 
5.1.2 On-orbit Services. 
Construction services on-orbit would be provided for 
the purchased LSS communications satellite structure. 
5.1.3 Pavload Launch Services. 
Re-imbursible shuttle flights would be flown to 
provide construction and maintenance of the satellite structure. 
5.1.4 Development Services. 
International development capital w o c ;  allow countries 
to initiate purchase of LSS communications facilities to be 
repaid through amortization collected from communications and 
educational applications. 
5.2 Transmission and Ground Support. 
Associated with transmission equipment for educational 
program distribution, the development of compatible product 
lines of transmitters, receivers, and transceivers would be 
attractive as marketable items. N.B. This type of product 
would generate quick international competition for the market- 
place. 
5.2.2 Coding Devices. 
As outlined in a previous section (2.3.3) the 
necessity for political integrity, privacy, user analysis, 
etc., would make coding devices a critical element for the 
acceptability of LSS communications systems on the international 
scale and even an important factor in domestic usage. Coding 
devices such as magnetic card keys, solid state devices, 
or simple frequency modulatim control can provide creative 
new areas of development for the technology of peripheral 
security devices. The decade of the 1980's could see an 
explosion in the communications privacy industry as low cost 
electronic devices are introduced. 
5.2.3 Antennae. 
For those systems not supplied by cable or fiber 
optics and having wide geographical dispersion, low cost 
receiver-antenna systems would have to be commercially 
available. Depending upon the frequencies allocated for 
specific functions, these antennae could be made to different 
tolerances at different costs. Again, international competition 
can be high in this area of the marketplace, but the worldwide 
market is so potentially large that development and sales 
would form the basis of an entire industry. 
5.2.4 Video/Audio Compressors. 
Video and audio compression is a promising technology 
which would multiply a satellite's capabilities by reducing 
the time a given signal impacts on the satellite system for 
a corresponding real-time playback. Presently, the equipment 
is bulky and complex, but a breakthrough in compression 
techniques would provide broadcast facilities, businesses, 
and even individuals with the ability to transmit substantial 
quantities of video and audio information extremely rapidly 
and economically. 
5.2.5 Studio and Broadca st Facilities. 
Creation of customized educational programming is 
a complete industry. Each country would require specific 
production and broadcast facilities to support its educational 
efforts. Supplying equipment for such studies can be of 
itself a highly competitive international market. It can also 
enhance the sale of peripheral electronic devices to make 
conventional equipment compatible with the requirements of 
satellite broadcast. Examples of these peripheral devices: video 
compression equipment, studio controlled broadcast quality 
device (like VIR), studio coding devices, alphanumeric and 
other graphic production devices. 
5.3 Data Processing. 
Computer Assisted Instruction and Computer Managed 
Instruction can involve extremely cosplex ground support 
facilities and use a great deal of network time. Yet, that 
technique for instruction is a powerful tool for teaching 
basic skills to reasonably motivated studnets at an indivi- 
dualized rate. To accomplish this, many DP products for the 
mass market would be necessary. 
5.3.1 Computers. 
Educational computers would require high density 
memories for course and library materials, and different 
systems would be needed for different countries and even 
different program areas. 
5.3.2 Peripherals. 
To tie the computers together requires Input/Output 
devices (10) from t,he user through the satellite to the CPU. 
Extensive computerized instruction would require a proliferation 
of low cost terminals and microprocessors capable of editing 
data, and remote batch activities if the terminals are to 
servic~ users in wide geographical areas. 
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5.3.3 Networks. 
Effective DP networks have certain practical limita- 
tions in CPU capability which must be buffered by nodes and 
supervisor systems. Extensive use of far flung computer 
networking services will provide increased markets for network 
communications technology, minicomputer. and other interfacing 
hardware and software. This area is also open to foreign 
competition but DP equipment is still an area in which the 
United States is internationally competitive. Proliferation 
of the computer to the personal level connecting the user into 
networks for communications and educational purposes is a 
market that is only beginning to unfold with great growth 
potential. 
5.3.4 DP Software. 
CAI and CMI differentiated ior different nations and 
user levels would require extensive software development. 
Pre-developed packages could be marketed readily creating a 
large software service need. Regionalized and even localized 
programming and custom programming services could also be 
marketed in areas where there is no technological base for 
software development. 
5.4 Educational Software. 
The area of software in education involves both 
prepared AV educational media and instructional computer 
software. 
5.4.1 
- Computers. 
Software in computer applications would include 
library and research programs which could be accessed through 
the network. 
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5.4.1.1 Library Services. 
- 
Library and research servicks provided at low cost 
would account for a great deal of system utilization. 
5.4.1.2 Curricular Services. 
As outlined above, CAI and CMI curriculum can be 
prepared and customized for individual users. To accomplish 
this purpose in the many required subject areas, massive 
software development programs would have to be initiated and 
continually updated. 
5.4.2 Other Educational Media. 
Classified under educational software are a variety 
of other educational media which are highly marketable. 
5.4.2.1 Texts. 
To support satellite educational activities, text- 
books and workbooks based on television, radio, and computer 
coursework can be marketed. In a large scale national educa- 
tional communications systems, the large markets are readily 
accessible by the publishing industry. Internationally, as in 
states in the United States, approval of text material by 
regulatory or supervisory agencies could result in enormous 
text sales. The marketing becomes simpler as the population 
increases and the selection agency is more centralized. 
5.4.2.2 Prepared AV Media. 
Educational entrepreneurs can sell various prepared 
media (slides, film video segments and other visual and audio 
peripherals) for electronic distribution as teaching aids for 
audio or video production. These educational data banks could 
be used as production modules to create the programming most 
suited to special educational needs. Such software could be 
leased or purchased based on marketing and copyright 
agreements . 
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-
Resulting Job Opportunities (United Stat,.;). 
6.1 Manufacturing Jobs. 
The construction of a space industrialization communi- 
cations system will involve extensive manufacturing capability. 
6.1.1 Space Hardware. 
Large space structure communication satellites will 
have to be fabricated on the ground for deployment in space 
duz to the high cost of manhours in the space environment. 
While subsystems could be contracted to international agencies, 
final launch and assembly responsibilities would probabiy 
occur in the United States. 
6.1.2 Ground Support Systems. 
Emphasizing educational applications, ground support 
systems to utilize a satellite for supply of commercial services 
would include television st.udios (which may or may not already 
exist), large computer systems, urban video distribution 
systems, and data processing support hardware. 
6.1.3 User (Consumer) Products. 
Low cost products for the home or institutional user 
which must be manufactured and mass marketed include the 
antennae, audio and vide9 transmitters, video cameras and 
microphones, computer terminals, data cassettes, and microfilm 
materials. These tools link the user with the satellite 
system to participate in educationally related uses as outlined 
in previous sections. 
6.1.4 Supplemental Products. 
To supplement educational activities, books, other 
published materials, and various data storage devices such as 
audio and video recording devices, would enhance user parti- 
cipation in the educational satellite networks, The size of 
the market for manufactured products is proportional to the 
satellite's user capability and inversely proportional to 
product cost. 
6.2 Support Service Jobs. 
Operation of a successful educational satellite 
system will create support service jobs in several areas. 
6.2.1 Teachers. 
6 . 2 1 1  Media Teachers. . . 
To supply the necessary programming for education 
activities, whether school, homework, or leisure-oriented, a 
cadre of tecchers able to interact successfully through remote 
media will be essential. Such teachers will require a feel 
for media production and an appealing media personality. 
6.2.1.2 Resource Personnel. 
Teachers for educational networks will be required 
to act as rescurce personnel to other teachers and to interpret 
the work of the media teacher to group and discussion leaders. 
They are the in-ser~ice specialists buffering the media teachers 
and the group and discussion leaders. 
6.2.1.3 Group and Discussion Leaders. 
Large numbers of part-time and full-time teachers 
with educational training ail1 be required to input into peer 
groups, to be available as two-way interactive resource, to 
provide stimulating follow-on discussions, and to provide 
guidance to users of the educatimal network services. 
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e 6.2.2 Audio-visual Production Personnel. 
Substantial numbers of educationally oriented audio- 
visual production personnel will be required to create the 
necessary support programming to be marketed for educatimal 
purposes. This will include television and radio production 
capabilities and the ability to translate the communicative 
media into viable and reliable educational formats. 
6.2.3 Computer Services. 
6.2.3.1 Programming. 
Educational services provided by network utilizing 
computers will require a cadre of programmer-educators capable 
of creating curriculum to be used and administered in computer 
form. These educators will create CMI and CAI both compatible 
with and independent from broadcast courses. 
6.2.3.2 Resource Personnel. 
Interactive personnel must be available via network 
to buffer the individual user and the network, answering 
questions and providing operational network guidance. Like 
the group and discussion leaders, many of these people can be 
university students and graduate students who work part-time 
at moderate pay, or housewives, or inactive teachers who would 
like to maintain some level of part-time or even full-time 
connection with the educational process. 
6.2.4 Maintenance. 
As outlined previously, extensive sales of computers 
and audio-visual receiving and transmitting equipment will 
require extensive maintenance networks to support leasing and 
purchase agreements of educational equipment. Much of the 
maintenance can be accompljshed through manufacturers of the 
material but regional maintenance centers, which can handle 
6.2.4 --Continued. 
virtually any compatible system hardware, will make it much 
easier for the public to acquire and service some of the new 
coaponents which they will need to participate in the system, 
6.2.5 Library Services. 
A truly large scale interective network capable of 
both audio-visual and data processing interaction offers 
extensive job possibilities in the area . '  library services. 
6.2.5.1 Cataloguing. 
Assuming ease of access into a large scale educational 
library system, cataloguing to keep pace with the geometric 
growth of publication and knowledge will involve hundreds if 
not thousands of professional librarians. Even continuous use 
of these services may not pay for the expense to be il,,~rred 
in cataloguing the incredible amount of publishing, but some 
of this cost can be absorbed by the individual user, government, 
industry, and university consortia. 
6.2.5.2 Bibliography. 
To provide ready research services, on-line biblio- 
graphical librarians will be required. Some searches can be 
accomplished by using data processing sorting techniques but 
other researches will require human input. 
6.2.5.3 Research. 
Like bibliographical compilation, individual inter- 
action will be required for many research needs. This will 
require the availability of competent research librarians 
trained to interact v i a  data processing and audio links. 
6.2.5.4 Special Features. 
Another library category will involve culling through 
incoming materials to identify special features of general 
interest, special calendar events, special programming, and 
literary arrivals. This service, sold as a magazine by sub- 
scription, will allow al educational satellite system user 
to scan events prior to selection of educational activities. 
6 . 2 . 5 . 5  Inter-library Loan. 
An extensive library network eliminates much of the 
neces~ity for inter-library loan; the librarians will be 
required to supervise the sharing and access of data banks for 
usage, evaluation, and billing purposes. 
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APPENDICES 
COST OF COURSE VS. $ WPULATION AFFORUBILITY 
$ POPULATION 
25$ 50% 75Q 
$ affordable to total Educational Populetjon (Age 3-Adult) 
- - - - $ affordable to continuing Educational Population (16-~dult) 
REEIVER/AN!~'WNA COST VS. POPULATION AFFQR'DABILITY 
$ Population 
25$ 59% 
- ( ~ a s e d  on var iab le  antenno cos t )  
- - - - ( ~ a s e d  on antenna cos t  (ATS-6 technology) of $200) 
- - -- (~ased on ent ic ipa ted  cos t  (Large Space s t ruc tu re )  of 25) 
TV Receiver (B&w) at $100 
CONTINUING WCATIONAL TELEVISION VIA SATELLITE 
DIGTRIBUTION SYSTEM 
COST PARAMETERS 
Production: (w)  
Standard EN: $5000/hr 
Subsidized (donated services et commercial production rates) 
as low as$l000 'hr 
Elaborate Production (sesame street) 
$48,00o/hr 
Overseas : Jayen $2500/hr 
El Salvador $1300/hr 
Transmission: (w1T5-6. $1~00 'hr 
WESTAR : $!. .2-2.17 milli~n/~r (1 transponder) 
( 0 ) 
2-way 
INTELSPT $ l3,000/$circui t /yr en. 1972) 
WESTAR $ l3,440/circuit /yr (NY-L. A.  : Spring, 1975) 
$ 7.440 " " (IVY- ~tlanta) 
COST DRIVERS 
m PROXTCTION 
BROADCAST (SAWITE EL GROUND FACILITIES) 
DISPRIBUTION (USER POPULATION) 
RElXImR ( RADIO/TV + ANTENNA) 
C= Cost per Student per Hour 
P= Production Cost ($5000/hr) 
B= Broadcast Cost ($1000/hr) 
R= Receiver (TV/Redio+ ~ n t e n n a l h r s  . of use) (approx. $.0g/hr) 
n= User Pcpula t ion  (DIS t r i b u t  ion of ~ r o ~ r a r n m i n ~ )  
Population (n) 
lo2 
Cost (C) 
-
$60.09 
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.69 
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F. EMPLOYMENT IMPLICATIONS OF ALTERNATIVE GOVERNMENT PROGRAMS 
APPENDIX I?: 
EMPLOYMENT IMPLICATIONS OF ALTERNATIVE GOVERNMENT PROGRAMS 
(A paper prepared by T. A. Gibson, Sen io r  Economist, 
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Rockwell I n t e r n a t i o n a l  Corpora t ion ,  A p r i l  1975) 
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L?lPLOYZlI<NT IMPLICATIONS OF ALTERNATIVE 
COV EkiFIEhT l'KOGKr\MS 
EXLCUTIVE SUMMARY 
The a l loca t ion  of resources among competing uses is a  c e n t r a l  problem i n  
developing and implementing publ ic  policy. I t  is  tl ierefore necessary to  
es tab l i sh  mcmincful c r i t e r i a  fo r  measurinp. tile value of a l t e r n a t i v e  programs 
so tha t  a  bas i s  for  acliievin;: optimum use of l imited resources can be estab- 
l ished. B u t  there  seems t o  be a  tendency on the pa r t  of a  few policy makers 
and opinion leaders  to e s t ab l i sh  u n r e a l i s t i c  c r i t e r i a  f o r  these pmposes. 
C r i t i c s  of the space program who argue fo r  reduced funding by  claimin? tha t  
ou t lays  for  space c rea t e  fewer jobs than other  types o f  spending f a l l  i n t o  
t h i s  category. 
l'lie proper view i s  tha t  the purpose of the space program and nearly a l l  
other  public programs is  not job c rea t ion  per se, and tha t  a l l o c a t i v e  deci- 
s ions on these programs should more appropriately r e l a t e  to  t h e i r  primary 
goals. To argue the meri ts  of space on the basis  of jobs d i v e r t s  a t t en t ion  
from the r e a l  purposes and benef i t s  of the space program. But the issue of 
jobs is increasingly voiced Ly space antagonists ,  and a response is therefore  
i n  order. 
A11 public spending programs c rea t e  o r  sus ta ;?  jobs unless the economy is 
fu l ly  eniployeci a t  the outse t ,  for  recessions and h i ~ h  unemployment a r e  caused 
by i n su f f i c i en t  aggregate demand ( t o t a l  spending) in  the economy. 'lhe arpu- 
mrnts of the c r i t i c s ,  however, seem t o  be t h a t  space spending is  r e l a t i v e l y  
ine f f i c i en t  i n  tllis respect.  This theme is d i sce rn ib l e  i n  three forms: 
income t ransfer  programs, t h e  category i n t o  wl~ich most income 
secu r i ty  and o ther  s o c i a l  proqrams f a l l ,  usual ly generate more 
jobs per out lay d o l l a r  than governvent purchases, tile catep,ory 
i n t o  which the space program fa l l s '  
space spending d i v e r t s  resources from programs tha t  c r ea t e  more 
jobs t~ l an  the space program 
i n ~ p l i c i t l v ,  the main concern of puvlic policy should be with near 
term conditions,  and out lays t c r  propran!%; o t  a :wc.lal nature 
c r ea t e  more inmediate and near t e r n !  jot,;; thar l  ou t lay ; :  for  space. 
Ihe first  argument w i l l  be shown t o  be h i g h l y  questionable,  s n d  the f a c t s  
JO not sus t a in  the second oiie, Lar t s  of tttc trtird, i~owtver, have super- 
f i c i a l  v a l i d i t y ,  hut i t  complctcly icnorc., 1ur~:~~:r t c 2 r : v  ~ . ~ ) ~ l . . l ~ r r a t i o r i s .  
.:! of  t l ~ c  ar&:uments can be b r i e f l y  assessell a!; follows: 
1. Transf u r  prc1,crans vL, .  l:overnrnent purctrn.;~.:, IroKrarn lob i rea tors .  
111 comp,irilr,- clqtrivdlcnt increments ui hpenJinr. i j r  : ~ L . I s ~  ihrs and 
government purcliases, snv $1 mi l l ion ,  iz mist iw i c p t  in mirid tliat 
sunw f r ac t ion  of tile t r ans fe r s ,  a l b e i t  a ver:: smal 1 J I W ,  w i l l  f ind 
its way i n t o  sav in~! ;  and t l ~ u s  w i l l  be wit i~held frori the spending 
stream a t  tire i n i t i a l  round of spending. T h i s  is  t rue  because 
t r ans fe r s  do not represent d i r e c t  purct1ar.e~ of output.  Instead 
they dre  n l c r c l ~  rcd is t r ibu t ionr ;  of inconic! by t 116: ~ovcrnmimt to  
bo l s t e r  t h e  incomes of t h e ' r e c i p i c n t s .  Thus ratl lcr t h m  $1 mill ion 
inmediate ly  buying goods and s e r v i c e s ,  c r e a t i n g  d i r e c t  jobs  and s e t t i n g  
o f f  a c h a i n  r e a c t i o n  of secondary buying and i n d i r e c t  jobs ,  some amount 
less than t h a t  w i l l  be i n i t i a l l y  i n j e c t e d  i n t o  t h e  spending s t ream by 
t h e  t r a n s f e r  r e c i p i e n t s .  
I n  t h e  c a s e  of government purchases,  however, t h e r e  is no i n i t i a l  leak-  
age  and t h e  f u l l  $1 m i l l i o n  is spen t  a t  t h e  o u t s e t .  Thus conceptual ly ,  
government purchases tend t o  c r e a t e  more jobs  than  t r a n s f e r  payments 
simply because t h e  i n i t i a l  increment of spending is higher .  I n  f a c t ,  
it can be  shown t h a t  t h e o r e t i c a l l y ,  government purchase m u l t i p l i e r s  a r e  
e x a c t l y  one more than t r a n s f e r  m u l t i p l i e r s  - i f  t h e  l a t t e r  is two, t h e  
former is t h r e e .  
There a r e  many q u a l i f i c a t i o n s  t o  t h i s  l i n e  of reasoning,  t h e  most 
obvious one being t h a t  t r a n s f e r s  u s u a l l y  go t o  people i n  lower income 
groups who tend t o  spend more and save less of t h e i r  income increments,  
i.e., they have a higher  marginal  p ropens i ty  t o  consume. To t h e  e x t e n t  
t h i s  is t r u e ,  t h e  m u l t i p l i e r  d i f f e r e n t i a l s  between purchase and t r a n s f e r  
programs w i l l  be somewhat less than one. But t h e  p o i n t  is t h a t  a fiound 
c a s e  can be made favor ing government purchases as being more e f f i c i e n t  
i n  s t i m u l a t i n g  spending and employment than t r a n s f e r s .  
Perhaps of g r e a t e r  s i g n i f i c a n c e  than  t h e  r e f u t a t i o n  of t h i s  "pro 
t r a n s f e r "  argument used by space c r i t i c s ,  however, is t o  p o i n t  out  t h a t  
i t  is s u p e r f i c i a l .  I t  a p p l i e s  on ly  t o  t h e  s h o r t  term, and it erroneously  
assumes t h a t  the s p a c e  program is  a s e r i o u s  competitor w i t h  r o c i a l  
programs. Fu r t t~e rmore ,  i t  f a i l s  t o  relate t o  t h e  pr imary  g o a l s  of  
t h e  programs f a l l i n g  i n t o  e i t h e r  t h e  p u r c h a s e s  o r  t r a n s f e r  spend ing  
c a t e g o r i e s .  
2. 9 a c e  spending  d i v e r t s  r e s o u r c e s  from O t h e r  projrams.  
Those who u rge  r e d u c t i o n s  i n  space  spend ing  i n e v i t a b l y  a r g u e  t h a t  w i t h  
l e s s  s p e n t  on  space ,  more w i l l  b e  s p e n t  on t h e  programs they  s u p p o r t ,  
'hereby b e t t e r  s e r v i n g  t h e  n a t i o n a l  i n t e r e s t  i n c l u d i n g ,  of  c o u r s e ,  t h e  
fi 1 of f u l l  employment. But t h e r e  is l i t t l e  ev idence  t o  s u s t a i n  t h i s  
p o s i t i o n  and those  who s o  a r g u e  have l i t t l e  unde r s t and inp  of  t h e  p o l i t i c a l  
economy of f e d e r a l  budget m a k l n ~ .  
Kecent e x p e r i e n c e  w i t h  income s e c u r i t y  and h e a l t h  programs is f a i r l y  
t y p i c a l  of  o u t l a y  t r e n d s  f o r  a l l  s o c i a l  programs. From FY 1966 t o  
1974,  when s p a c e  spending  d e c l i n e d  from S5.b b i l l i o n  t o  $3.0 b i l l i o n ,  
annua l  o u t l a y s  f o r  f e d e r a l  income s e c u r i t y  and h e a l t h  programs r o s e  from 
531.5 b i l l i o n  t o  $106.5 b i l l i o n  - a n  i n c r e a s e  of Y75.0 b i l l i o n .  Whereas 
spending  on s p a c e  i n  FY 1975 w i l l  remain a t  approximate ly  t h e  $3.0 b i l l i o n  
l e v e l ,  o u t l a y s  f o r  income s e c u r i t v  and h e a l t h  programs a r e  expec ted  t o  
r i s e  t o  $133.2 b i l l i o n .  I n  t h i s  y e a r  a l o n e ,  t h e n ,  e x p e n d i t u r e s  f o r  t h e s e  
programs v i l l  have r i s e n  by n e a r l y  $17 b i l l i o n .  In l i g h t  o f  t h i s  ev i -  
dence ,  i t  is  imposs ib l e  t o  a r g u e  c o n v i n c i n ~ l y  t h a t  t h e  s p a c e  program has  
d i v e r t e d  funds  from s o c i a l  programs. 
i '- 
5 3. Outlays fo r  publ ic  works, public s e rv i ce  employment and other  s o c i a l  
? 
ic programs c r e a t e  more jobs than space outlays.  
I .  C 
t liris argument e l i c i t s  the  r e a l  sul)stantive i ssues  involved i n  t l ~ c  
5 
2 
F ove ra l l  question of the employment e f f e c t s  of public programs. Those 
i 
L r profferin,: i t  make tl1ei.r es t imates  by assminr:  c l~e  t o t a l  number of jobs 
created i a  the quotient  obtained by dividing a  p,lvcn out lay by a11 e s t i -  
mate of tlre avarat:e annual wage of the workers involved. ul~viously 
t h e i r  ana lys i s  concludes tha t  more immediate jobs a r e  created i f  the 
p ~ o d u c t i v i ~ y  an$l t l ~ c r e f o r e  the a v c r a p  wavf2 of riorhers on a  propram 
is lower than i f  tile worlccrs enjoy lrighcr wares. 
'I'lris narrow approaci~ is de f i c i en t ,  however, i n  t ha t  i t  i rnores  the important 
q u a l i t a t i v e  ant1 lonxer tern1 quantitative nspccts of r l ~ e  job issue. I t  is 
important t o  ~ d n p t  a balanced approach t o  ~mploynient policy l e s t  we sacr i -  
f i c e  our option for a  vinible and f u l l y  eri~ployecl fu turc  economv by taking 
shor t  term a~.asurcs  t ha t  s t a rve  prmrams capable of crcatin):  productive 
capaci t y .  M i  tli t h i s  i n  mind, spacc a c t i v i t y  Ims ;:rrBater potcncy in  
creat iny future rmployment than most programs advocated by its de t r ac to r s .  
Tile 1o::ic c1d.n is s t r a i :~ ; l t fo rb .~ rd :  ccononic proprcss (inproved product ivi ty  
and rcono~nic grair;th) is necessary t o  nlcct fu turc  e m 1  lent needs of a  
yrowinx labor force, tcc,rnoloyv is  tlw chief  source of ecoiromic progress,  
and space research anti dcvelopnent is  ijn iv rx~r tnnt  sourcc of tcct~nolopy 
tha t  cont r ibu tes  d i r e c t l y  a11J i n . l i r i ~ c t l v  to  iri::lrer productivity.  'Tl~ereforc 
adequate s u q w r t  t o  space Khi) a c t i v i t y  contr i lwtes  in  a s i v n i f i c a n t  way 
to  a o l v ~ : ~ ! ~  tiic nat ion 's  employrwnt problems. 
ORIGINAL PAGE Ib 
OF POOR QUAWTY 
Concluding Reart ks 
It is a fac t  that  high technology ac t iv i ty  l i ke  the apace program rddr t o  the 
nrtion'r productive capacity and resu l t s  I n  productivity 8ains t o  a f a r  
greater extent than most of the socia l  programs. Tlris doesrr't mean the.latter 
are  unjust if ied,  but i f  we a r e  t o  have an approach balanced between current 
and future needs, if we want to establish the basis fo r  a fu l ly  employed labor 
force i n  the future, we can ill afford t o  further reduce current outlays for  
apace and other high technology act iv i ty .  The eocial colts of inadequate sup- 
port for  space a re  not. just the immediate loss  of jobs errupled by sc ien t i s t s ,  
ar1:ineers and ski l led  technicians, but the potential  loss to the nation's 
productive capacity and i t s  ab i l i ty  t o  accommodate growth and a suf f i c ien t  
en:dnyment base i n  the f ufure. 
EMPLOYML'NT IMPLICATIONS 3F ALTERNATIVE 
COVEW,ENT PROGRAMS 
INTRODUCTION 
Recent e f f o r t s  t o  e s c a l a t e  t o  t h e  s t a t u s  o f  a major i s s u e  a  comparLaon of t h e  
q u a n t i t a t i v e  a s p e c t s  o f  space  program employment w i t h  the  job creaciun a b i l i t y  
of o t h e r  programs c o n s t i t u t e  a most unfor tuna te  t rend.  Such d i g c e s s i o n s  
d i v e r t  a t t a u t i o n  from t h e  real purposes and b e n e f i t s  of the, space  program. As 
in t h e  carre of a l l  but  a n  i t r f i n i t e s i m a l  number o f  t h e  thousands of programs 
conducted by t h e  f e d e r a l  government i n  t h e  p u b l i c  i n t e r e s t ,  job c r e a t i o n  is a 
r e s u l t  bu t  n o t  a s p e c i f i c  purpose of t h e  space program. The few c u r r e n t  
examples of p u b l i c  pra8rams a t  t h e  f e d e r a l  Level whose ch ie f  o b j e c t i v e s  a r e  
t o  create jobs  a r e  mostly found i n  t h e  p u b l i c  s e r v i c e  employment category.  
But these  are emergency measures s p e c i f i c a l l y  designed t o  provide jobs on a  
temporary b a s i s  i n  pe r iods  of h igh  unemployment. Nearly a l l  o t h e r  government 
programs, whether i n  suppor t  o f  p u b l i c  p o l i c y  i n  t h e  economic, s o c l a l ,  f o r e i g n  
or defense  realms, have d i f f e r e n t  primary purposes. Debates and a l l o c a t i v e  
d e c i s i o n s  on t h e s e  programs should,  t h e r e f o r e ,  r e l a t e  to t h e i r  primary pur- 
poses,  and each program, inc lud ing  space,  should be  measured a g a h t  c r i t e r i a  
based on t h e r e  p r i n c i p a l  o b j e c t i v e s .  
Th i r  p o i n t  was made i n  a r e c e n t  r e p o r t  prepared by t h e  s t a f f  of tire Committee 
on t h e  Budget, U.S. Se-ate. I n  d i s c u s s i n g  the  job c r e a t i o n  and o t h e r  f i s c a l  
l m p l i c a t i o n r  o f  a l t e r n a t e  government programs, t h e  r e p o r t  s t a t e d  t h a t  r a t h e r  
11 than a a r i g n  d i f f e r e n t i a l  economic impacts t o  n l t c r n a t i v e  expendi tu re  programs, . . . 
i t  is b e t t e r  t o  arpre t h e  i s s u e s  of de fense  ve rsus  income t r a n s f e r s  i n  
t e r n  o f  need f o r  n r t i o n a l  mecurity and t h e  need f o r  income r e d i s t r i b u t i o n .  
Similarly, considerations of in ternat ional  p o l i t i c s ,  not doaeetic macro- 
.concmics, should determine the  l e v e l  of foreign aid*.' 
The f a c t  that space antagonistr  have raised the  i ssue  of jobs, hawever, nnfes- 
sitater a studied response. It is a simple ar i thmet ic  process PO estimate 
fobs by dividtog a proposed government outlay by an 8ppr0~iWbti0n of the 
average wage of the  vorkzrs t o  be assigned t o  the  program. This naive 
approach 10 b e c a i n g  incrumingly popular among c r i t i c s  of the  apace program, 
f o r  obviously more lower paying jobs w i l l  be created i n  tlia shor t  run f o r  a 
given l e v e l  of speudina - the lover the  average wage, the grea te r  the number 
of jobs. But t h i s  is a narrow and unbalanced technique t h a t  ignores longer 
term conaiderations of the employment iraue. 
The purpose of t h i s  paper is t o  acd addi t ional  dimenslone t o  t h i s  issue by 
considering employment implicatiorrs of a l t e r n a t i v e  government programs pri- 
Y r i l y  from a qua l i t a t ive  standroint  within a broader time frame than con- 
ridered by the c r i t i c s .  It v i l l  be shown t h a t  a s  i n  moat things, a balanced 
approach l a  necessary i n  coping w i t h  problems o f  unemployment, and tha t  
excessive reductions of high technology a c t i v i t i e e  l i k e  the space program c.m 
oeriously exacerbate fu ture  problems associated with achieving a f u l l  employ- 
men t economy. 
l"~ircal Alternatives i n  1975." A Preliminary Staff  Report, Committee on the 
Budget, U.S. Senate, 3 March 1975, p. 24. 
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Thrm b a r k  arum relrvant  to  tha a ~ p l o y w o t  irrurr a r e  explored. 'Ths f h n t  
addrerrea the  quartion of wthodr  of fundiag public p r o g r u r  and t h d r  irpli- 
cat ions t o  weploymaat lavr le .  The recond anr lyrer  the l o w e r  t e r n  e f fec t8  on 
lncoru and employment of apace and other  hiah t.chnology prograarr. And the  
f i m l  a r m  revie- thm c l a i m  of thora rho argua tha t  the  rpaca p roRru  h.8 
divertad rerourceo from aocial  p r o 8 r a u  deatgned t o  deal  d i r e c t l y  with prob- 
lems of unemployment and pevaxty, The f i rs t  and t h i r d  sec t ions  a r e  included 
becaume they d i r e c t l y  rerpood t o  oft-heard but fundamentally 8uperCicl.l v i m  
of 80- of the  more outapokan c r i t i c r  of the  space program. UauaIIy awr- 
looked by there c r i t i c r  are the  mote rubatantiva insues developed i n  the 
TRANSFER PAYMENTS AND GOVERNMENT PURCHASES AS JOB CRPATORS 
. A fundamental misconception exists in the minds of a number of critics of the 
space program vith respect to the inherent job creation ability of various 
types of government spending programs. This most particularly applies to 
government transfer payments compared with programs iwolving direct govern- 
ment purchases of goods and services. Implicit in the views expressed by 
those who advocate reallocation of resources from space to income security or 
similar programs via the transfer mechanism, is the belief that mare total 
jobs will thus be created. But this is not necessarily the case for reasons 
briefly developed below and in greater detail in the Appendix. 
Federal sector expenditures can be thought of in terns of several major Rroup- 
ings. The three primary ones are purchases of goods and services, transfer 
payments, and grants-in-a$d to state and local governments. Purchases are 
that portion of the nation's output of goods and services hou~ht directly by 
the federal government. These purchases absorb output and are included in 
calculating the GNP (which includcs onJy the value of goods and services sold 
to final users during a year). Transfere, on the other hand, do not in 
themselves represent purchases of output, but rather are payments by the 
government to inaividuals to bolster their incomes rather than to reward them 
for current productive services. They are merely redistributions of income 
among segments of society with the government acting as the transfer agent. 
Finally,  grantr-in-aid outlays rupport programs designed t o  help state and 
l o c a l  gwenrmente finance t h e i r  awn t r ans fe r  a c t i v i t i e s  and purc-hue8 of 
goodr and aervicee . 
A mvjor r h l f t  in federa l  expcndituree hair been underway f o r  a number of year.. 
Thir can be seen in Table 1. In 1965, purchases represented 54 percent of 
t o t a l  government outlays - $64.4 b i l l i o n  out of $118.5 b i l l i o n .  Although 
increaging t o  $110.3 b i l l i o n  i n  1974, purchases l u m t  year were only 40 percent 
of the  t o t a l ,  and wil l  represent only 37 percent t h i s  year. There has been 
a corresponding rise In the other  components, mmpecially i n  t r ans fe r  payment6 
vhicb a r e  estimated t o  exceed purchases i n  1975. Transfers were only $30.5 
b i l l i o n  in 1965, jus t  26 percent of t o t a l  federa l  expenditures. This year 
they w i l l  approximate $132 b i l l i o n ,  o r  41 percent of the  t o t a l .  Combined 
w t l a y e  f o r  t r ans fe r s  and grants  a r e  expected t o  be v e l l  over half  of t o t a l  
federa l  sector  expenditures t h i s  year. Indeed, they account f o r  the  h l k  of 
the  increme in federal  spending i n  recent years. 
Within the context of t h i s  paper, the fundamental question with respect  t o  
these federal  epending trends i e  not the  r e l a t i v e  roc ia l  merite of the  pro- 
granm each outlay mode supptr ts .  Dissgrecments cer ta in ly  a r i e e  over degree, 
but fev wuld deny the need fo r  income redis t r ibut ion  program8 of the  type 
implemented by t ransfer  p e p e n t s  i n  such areas as income secur i ty ,  heal th 
care,  and veteran's benefits.  The r e a l  iesue here, however, Is the  
frequently heard suggeetion of using the t ransfer  device a s  an employment 
stimulant. This ef fec t ive ly  can be tranelated a s  meanin8 reducing 
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goverrnrat purchuer  and i n c r u r i n g  t ransfer8  am an instrument of publ ic  
policy f o r  creat ing jobs. Conceptually t h i s  is not somd policy f o r  i t  i e  a 
f a c t  tha t ,  c e t e r i s  pa r ibw,  government purchases evoke a grea ter  impact on 
ap loymmt  than t r ans fe r  payments. Thw, i f  the  s o l e  purpose of a govern- 
ocot program is  t h a t  of c r w t i n g  jobs, the  e f f i c i e n t  rpproacb i n  most 
iortances is through d i r e c t  purchases. 
The r u s o n a  f o r  t h f s  a r e  explained l a  some d e t a i l  i n  the  Appendix and won't 
be developed a t  length here. Quite simply, however, the  f u l l  amount of an 
incr-nt of government purchases, say $1 mil l ion,  increases the  d i r e c t  
demand f o r  goods and servicer  and therefore  increases GNP by exactly $ 1  m i l -  
l ion.  A s  a r e su l t ,  d i r ec t  employment is  created i n  del ivering the  $1  P i l l i o n  
of f i n a l  goods and services t o  the government. A mult ip l ier  e f f e c t  then takes 
hold. A. t h i s  $ 1  raillion is rerpent by its rec ip ien t s ,  addi t ional  ind i rec t  
jobs are created. A t h i rd  round of spending w i l l ,  i n  turn ,  cause even mare 
indi rec t  jobs. There a r e  leakages in the  secondary, t e r t i a r y  and subsequent 
rounds of spending tha t  ultimately bring an  end t o  the  r i s e  i n  t o t a l  employ- 
ment. But the working of the employment mul t ip l i e r  c rea tes  t o t a l  employment 
e f f e c t s  in excess of the  d i rec t  employment occasioned by the i n i t i a l  $1 mill ion 
outlay. 
A somewhat smaller level  of t o t a l  employment tendo t o  be created by t ranefer  
payments because the  i n i t i a l  l n j e c t i o n ~  of epending a r e  smaller. Recipients 
of $1 million i n  t r ans fe r s  w i l l  probably spend &st of i t  on goods and ser-  
vices. However, portions of the  t r ans fe r  gaymentr w i l l  f ind t h e i r  way i n t o  
personal savings. Thus some percentage of the o r ig ina l  $1 mill ion,  say' 102, 
has leaked from the  spending stream a t  the i n i t i a l  round of spending. So n w  
ra ther  than $1 mil l ion ca l l ing  for th  goods and services,  c rea t ing  d i r e c t  ' 
jobs, and s e t t i n g  off a chain react ion of secondary buying and ind i rec t  jobs, 
Only $.9 million is in jec ted  in to  the  spending stream. Thus, t r ans fe r  pay- 
ments tend t o  crea te  l e s s  empJoyment than government purchases simply because ' 
the i n i t i a l  increment of spending is l w e r .  Indeed, the Appendix develops 
the  point tha t  mulfipl iers  applicable t o  purchases a r e  theore t ica l ly  higher 
by exactly one (e.g., 3 vs. 2, o r  4 vs. 3) than those resul t ing  from trans- 
f e r s ,  and therefore mare jobs result from government purchases. 
There a r e  caveats associated with t h i s  analysis  t h a t  suggest the  mul t ip l ier  
d i f f e r e n t i a l  i n  prac t ice  is usually less than one. And there is always the  
question of l ag  times before the  e f f e c t s  of various programo a r e  f e l t .  But 
nevertheless, the pr inc ip le  tha t  government purchases for  space and o ther  
purposes tend t o  crea te  more jobs i n  the lone run than the numlrer created 
by t ransfers  has fundtmental va l id i ty .  Thus one could a r p e  on t h i s  
theore t ica l  bas is  alone tha t  from the  standpoint of job crea t ion ,  spending 
i n  support of the space program compares a t  l e a s t  favorably with, and 
probably is superior to, programs implemented by t ransfer  payments. 
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Ehvlng made t h i r  argument, the  f a c t  mtill ramalnr t h a t  t h e  t h r u r t  of t h i s  
d o l a  debate, prec ip i ta ted  by the rpace antagonir tr  and rkwed t o  c o n c m t r r t a  
an the short  term, is ra ther  superf ic ia l .  The basic conriderations of the  
I 
mpace program am an employment crea tor  a r e  multi-dimensional v i t h  rerpect  t o  
I 
depth m d  breadth, i.e. , i n  t e r n  of the  r o l e  of space technology i n  
stLPnilating longer term advancer i n  productivi ty and economic growth. Thur, 
if the c r i t i c 6  perr io t  i n  debatlag the  aaployment generation capab i l i ty  of 
i the space program, the focus 6hould be placed on t h e  r t imulat ive a f f e c t s  of 
apace technology on the  econonrl, and how there,  i n  t u r n ,  a r e  ul t imately 
trlluformed in to  jobu. 
SPACE TECHNOLOGY. ECONOMIC CROW11 AM, EMPLOYMENT 
An underetmding of the contributions of space technolory to employment lcvela 
requires an appreciation of the role technolo~y plays in stimulating improved 
productivity and economic growth. This is true simply because in an industrial 
nation, it is fundamentally through technologically-induced economic proEress 
that employment opportun$ties are increased at rates commensurate with the 
needs of the labor force while the concomitant desires of society for more 
leisure time and higher real per capita output are met. This has been the 
historfcal secular pattern In the United States, As Boretsky points out, (2). 
American technology caught up with Europe three-f our ths of the way through 
the 19th century, was higher than Europt2's by the beginning of this century, 
and by the end of World Wdr 11 it had far outdistanced the rest of the world. 
Its technological prowess was largely responsible for this country becoming 
the greatest world power - not just mil:,arily, hut also economically and 
politically. And during this entire period, except for cyclical deviations, 
job opportunities were expanded to meet the requirements of an expand in^ 
labor force. 
If we are to continue to progress and acliieve the goals of full employment 
and economic stability, the advancement of technology must be facilitated. 
There is no question that technology 
(*)Mchael bretsky , "Trends in U . S . 
View," American Scientist, Volume 
and growth generate costs ( e . ~ . ,  
Technology: A Political Economist's 
63, January-February , 1975 .  
pollution, urban decay) ar well ar benefit8 to rociety, and that therefore 
8 balanced growth involving qualitative concern8 an well as quantitative 
~oruiderations ir in order, But the space critics, the anti-technologirtr, 
and the no-gravth advocater have lout right of two essential fact.: 
1) vithout balanced growth, there will be higher unemployment, lower per 
capita r e d  income, and intensified social turmoil; and 2) technology, 
including that developed through the space program, ie a prime source of 
growth. 
In~~licit in the preceding couunents are the fundamental arguments favoring 
the apace program as having a more productive role in rtimulating emploplaant 
in the longer term than m a t  of the programs advocated by the critics of 
spsce. These arguments can be logically tied to the following ryllogirtically 
arranged propositionr : 
Econdc progress, deffsled as increased productivity and higher per 
capita real (non-inflationary) national income, ie necessary to 
generate adequate employment. 
Technology ie the chicf eource of econcmic progress in our advanced 
economy. 
Space reeearch and development activity i e  ah important source of 
technology. 
Therefore, adequate support to space R6D activity contributer in 8 
significant wry to longer term rolutionr to the nation's employment 
problems. 
There has been extensive research r i nce  World War I1 underlying t h e  f i r s t  
two proposi t ions,  and near unanimity e x i s t s  among economists as t o  t h e i r  
v a l i d i t y .  S ign i f ican t  research  rime 1970 undergirds t h e  t h i r d  propos i t ion ,  
and although it  is too e a r l y  t o  claim unanimity, compelling evidence i n  i t s  
Uupport is rap id ly  bui lding.  One product of t h i s  research is a l a r g e  body of 
l i t e r a t u r e  documenting t h e  bas ic  v a l i d i t y  of these  proposi t ions.  Therefore 
the  following sec t ions ,  derived from t h i s  documentation, a r e  only exposi tory 
and a r e  intended t o  brgef ly  explain i n  a sequent ia l  manner why these  prop- 
o a i t i o n s  a r e  t rue .  
Propoeition So. 1 Economic progress  is necessary t o  generate  adequate 
employment $n the  long run. 
The bas ic  l o g i c  of t h i s  principle $6 clear and should r eqd i r e  l i t t l e  elabora- 
t ion.  The fundamental way t o  provide mare jobs and fulJ. employment f o r  an 
ucpanding labor  fo rce  is through economic expansion. This can be accomplished 
pr imari ly  by fo s t e r ing  increased product ivi ty .  Through improved product iv i ty  
g rea t e r  e f f ic iency  is achieved i n  t h e  production process making i t  pose ih le  
t o  reduce c o s t s  and p r i ce s ,  increase  consumption, expand domestic nnd f o r e i ~ n  
markets, and thereby c r e a t e  more job8 and kcrea8e overall employment. 
On the  o the r  hand, a number of p o t e n t i a l  p roblem inheren t ly  e x i s t  i n  a r t a t i c  
economy with a constant r e a l  GNP. The undertaking of any new probrams, f o r  
exsmple, would e n t a i l  a cutback i n  labor  and o the r  f a c t o r s  of  production appl ied 
', 
t o  cur ren t  programs. More resources f o r  ant i-poverty endeavors o r  pollrl t  ion 
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control would man fever c o ~ r r o l r  and capi ta l  good.. Tha dlrruption t o  
u t a b l i r h d  patternr of conrumption rarult ing from allocating a greater per- 
centage of exirt ing rarourcer t o  roci.1 cap i ta l  wu ld  foment roc181 and 
po1Ptic.l turmoil. And m a t  partinaut t o  the quertion of jobr, 8 r t a t i c  
.cooow with 8 growing labor force would lead t o  dlminiahin~ return8 vith 
the u l t i u t e  danger of v i r i t i ng  upon our rociety the rcourge of perriatent  
r B r  uncmrplgwzrt. 
'8 
Proposition No.-? Technology i r  the chief murce of economic progrerr %n 
our .dv.nced economy. 
There i r  no r ingle arpluratioa for  the p b a r a a u  of productivity i n c r u o e  ard 
economic grovth. DeterPlruatr are mwy and complex and include not only 
d r u r c e r  i n  ec ian t i f i c  and technical knowledge, but a eteady growth l a  the 
rtock of capi ta l  per worker, the spread of education, and an expanrion of 
mrhtr mlriag porrible rpecialization and e c o n d e s  of scale. There i r  no 
qtieotiw, however, that tecbnology advances, m r e  c o m n l y  referred t o  as 
t c c h n o l o ~ i c d  change, play key role. Edward ~ a o i r o n ~ ~ ) ,  for  example, con- 
cluded that  for the 1948 to  1969 period, about one-half of the four percant 
grovth ra te  of ru t loo i l  incornre was at t r ibutable  to  quantitative i n c r e u e r  in 
input in the form of labor and capi ta l ,  and the other half can be a r c r i b d  
--II 
(')Heariol. before the  Suk-lttee on Prioritlam and Powmy i n  Dore-nt of 
t h r  Joint  Econoafc Comittre,  Congrerr of the United Stater (April 1972). 
pp ll9-120. 
t o  an increeee i n  product ivi ty .  by f a r  tlm most important determinant of  . 
the l a t t e r ,  1.2 percentage poin ts  of tlrc four percent growth r a t e ,  llns 
been the adoption of new techniques and p rac t i ce s  made possible  by 
advances i n  knowledp,e, i.e., technology. 
The rusm f o r  technology's economic leverage can be demonstrated by turn ing  
t o  t h e  ba r i c  production funct ion used i n  many r tud ie r .  It is expressed i n  
th form - 
Qt = 4' (4, It). 
Kt = c a p i t a l  used durinu thet ,  
=t = l abor  expended in timzt, and 
At l e v e l  of technology applded dur ing  thet. 
T h b  baaic  equation, which arrumes technological  progrer r  LO be  "neutral" in 
t h e  sense tht i t  a f f e c t s  labor and c a p i t a l  equal ly  and that Improvements i n  
t h e  qua l i t y  of labor  and c a p i t a l  are measured ar a component of technology, 
is t h e  fundamental equat ion wed by ~ o l o v ( ~ )  I n an earlier landmark s tudy of 
-u----- 
( 4 ) ~ o l a r ,  R.U., "TecbnLul Chug. and the A g g r e p t e  Production Function. " 
The Review of Economics a d  S t ~ t i s t i c s ,  Augurt 1957, pp 312-320. 
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the  *ct of technology on economic growth. It is p a r t i c u l a r l y  noteworthy 
that tiere t i lo teChac;iJgy f a c t o r ,  A t ,  act8 81 a mul t i p l i e r .  Thin mult ipl ica-  
tive property os t e c l~cn log ica l  progrera i n  8ugmenLing labor  and c a p i t a l  is 
widely accaptcd i n  ecowmlc rarearch.  It auggeatr t h a t  re rourcer  a l l oca t ed  
t o  an lnduotty r i c h  a high tech; .~logy f a c t o r  can provide r i g n i f i c a n t l y  g rea t e r  
tconcmic l averase  t b n  thore uscd i n  i udus t r i ea  with low At f a c t o r r .  
On a l e e r  eao t e r i c  plane, t he  reason f o r  technology's economic leverage is 
no myotccy, f o r  a8 suggcatcd i n  the  foregoing, technology ir t he  v i t a l  growth 
Component i a  the  other productive Cactorr. Without i t ,  a d d i t i o n a l  increments 
of l a d  aud l abor  vi11 rapidly become subjec t  t o  diminishing, re turns .  Land, 
a d  t h e  na tu ra l  reoourczs it e m t d i e u ,  can cont r ibu te  l i t t l e  t o  growth unlcre  
tachnology i e  appl ied t o  unlock its r ichee .  The sane a p p l i e r  t o  labor .  Some 
growth can ba* caused by i n s t i t u t i o n a l  reorganizat ions wi th in  roc i e ty  which 
iacreaea t h c  .z: :eJta;? of people u se fu l ly  employed, and f u r t h e r  incrementr 
can be acbievcd 1.y i~ ; j rov ing  labor  mobility and thue permit t ing labor  t o  move 
from l e s e  tn lnre ? ra i~ !c t i ve  i ndus t r i e s .  B u t  on:e uoeful ly  employed, a 
uorker 'a phyaicol and mental t a p a c i t i e e  l i m i t  any s i g n i f i c a n t  increase  'n 
output he  may achierc. Therefore, technology ltdvances embodied i n  t h e  capi- 
tal goodr he uclee, and d i e  %bodied i n  t h e  form of Iruproved organiza t iona l  
tecbaiquem m d  managerial methods, become t h e  c e a t r a l  f a c t o r  l o  increasing 
h i s  oroduct ivi ty .  Worker product iv i ty  w i l l  not  incrcaae by rep lac ing  w r n -  
out abacuaee and natclrets with new ones. But i t  w i l l  increase  by replacing 
the worn-out abacuses an.4 hatchets with computers and chain saws. I n  t h i s  
l i g h t ,  technology is qui te  obviously the  key t o  winning the  race  against  
diminishing teturns and t o  achieving economic progress. 
Proposition No. 3 Space research and development a c t i v i t y  is an important 
source of tecnnology and, therefore,  contr ibutes t o  
longer term solut ions t o  the nat ion 's  employment problems. 
In considering space R&D a s  an important source of technology, i t  is f i r s t  
necessary t o  s t a t e  tha t  R&D a c t i v i t y  i n  general Is considered by econonists 
t o  be the major contributor t o  technological change. A number of researchers 
have reached t h i s  conclus%on a f t e r  dircerning pos i t ive  and s t a t i s t i c a l l y  sig- 
n i f icant  correlat ions between the  l eve l  of RhD a c t i v i t y  and advancing tech- 
nology. One recent comprehensive aseesenent of t h i s  re la t ionship  sponsored 
by the  National Sciaece F o u d a t i m  concluded, f o r  example, t h a t  a l l  avai lable  
evid=ce on t h i s  subject points  i n  a aingle direct ion:  "Thc contribution of 
MID t o  economic growth. . .is posi t ive,  s ign i f i can t  a d  high. " ( 5 )  me ps inci-  
pal  reason for  t h i s  relat ionship is that the  r a t e  of technological change is 
t o  a great degree functionally related t o  the  amount of resources devoted t o  
the improvement i n  technology, and RbD usually is the  primary method avai lable  
t o  finais, indus t r ies  and the  nation for  channeling its resources t o  improve 
technology. 
(5)lc.timrrl Science Foundation, ''A Review of the  Relationship between U D  and 
Economic Crouth/Productivity," February 1971. 
- 
Turning to space UD. several studier have been undertaken during the past 
four yearr to assess the indirect economic effects of the space proaram on the 
national econwy. Without exception, they have all reached similar conclu- 
sions: space XbD has highly stimulativc economic effects in terms of (1) pro- 
mting higher productivity ratee, greater real growth, and an improved trade 
balance posture; (2) in serving as a partial offeet to inflation; and (3) in 
realizing high rates of return on the investment in the space program. 
These general findings *rere revealed initially in a comprehensive study by 
the lidwest Researeh Institute (MR1)(6) durinl the 1970-1971 period. This 
wae the firet ~3 j0r  ~cholarly effort undertaken to understand the indirect 
contribution of the space program LO the national economy, and it concluded 
that "on the average, RLD expenditures have been an excellent national 
Investment," and that ". . .high technological undertakings, such as the 
space program, d3 exert disproportionate weight toward increased national 
productivity." Subsequent studies(') of the economic implications of space 
R6D activit-Y, ir:luJing several using advanced econometric methods, have 
reinforced these couclusions. 
(6)Mduesr Research Institute, "Econonic Impact of Stimulated Technological 
Activity," Part I. November 1971. 
( "~ee ,  for example : Chase Econometric Asaoclstes, "Economic Impact of Space 
RbD Technology," May, 1973; Merz, C.M., Gibson, T.A., Seita, C .We, "Impact 
of the Space Shuttle Program on the National ~conorn~," The Enginetrin~ 
Economist , Winter 1973, 
The -oot  cause of the  unusually high economic leverage of space t e c h n o l o ~ y  
is the  inheren t ly  high technology content of the  space proEram i t s e l f .  
iJASA-sponsored R i l l  a c t i v i t y  spans some 33 major technica l  d i s c i p l i n e s  wf th in  
t he  mechanical, e l e c t r i c a l ,  chemical, a e ronau t i ca l ,  ma te r i a l s ,  and s t r u c t u r a l  
engineering f i e l d s .  And the  na t ian '  3 space a c t i v i t y  has p rec ip i t a t ed  a  rap id  
expansion of our knowledge i n  these f i e l d s .  I t  Roes without saying,  therc-  
fo re ,  t h a t  i n  pursuing its advanced programs, NASA m w t  depend pr imar i lv  on 
support from high technology indus t r i e s .  And i n  a l l o c a t i n g   it^ R i l l  d o l l a r s  
t o  the  more technological ly  in tens ive  i n d u s t r i a l  s e c t o r s ,  NASA feeds those 
innovative i n d u s t r i e s  t h a t  generate  t h e  t e c h n a l o ~ y  s t imulus our economy must 
have fo r  improved product iv i ty  r a t e s  and expanded output .  The i n d u s t r i a l  
f irms receiving most of NASA R&D funds have a common c h a r a c t e r i s t i c :  they 
a r e  capable of advancing technica l  gains  beyond those necessary t o  meet t h e  
immediate requirements of t h e  space program. 
It is axiomatic t h a t  the  p r o l i f e r a t i o n  of space t e c h n o l o ~ y  - i n  manaRement 
methods a s  wel l  as i n  mater ia l s ,  processes and techniques - would have l i t t l e  
secondary value were it n o t  t ransfer red  and widely d i f fused  cl~roughout t h e  
non-space sec tors .  For d i f fu s ion  and subsequent app l i ca t i on  t o  take plnce,  
there  must be e f f i c i e n t  technology t r a n s f e r  processes.  In t h e  case  of t he  
space program, s eve ra l  formal and informal mechanisms have e f f e c t i v e l y  f a c i l i -  
t a t ed  these processes i n  response t o  t h e  mandate i n  N A S A ' s  c h a r t e r  t o  acc ivc ly  
encourage the  infuaion of space technology i n t o  t he  p r iva t e  s ec to r .  These 
transfer modes range all the way from the formal input and output program of 
NASA'# Technology U tilitation Off ice, to intersectoral dif fusion of space 
technology through professional societies and the relocation of skilled 
indivlduuls from the space program to other sectors of the economy. The 
effectiveness of these well-developed conduits for transferring the 
technology generated in the space program to nonspace sectore is attested 
to by the numerous studies conducted to reoort the technology fallouts and 
to measure the technology advancements and gains to society which have 
resulted from the ma~shalling of resources to meet the goals of the national 
space program. (8) All have common threads: 
That immediate returns in medicine, in earth resources measure- 
ment and utilization, in communications, in weather forecasting, 
and in scfentific advancement have been of impressive 
significance. 
That innovations stemming from space technology will continue for 
years after the initial technology development. 
That the indirect effects on the economy with respect to con- 
tributing toward increased national productivity, income and 
employment are quite profound - more so than most other forms 
of Rb3 spending. 
( 8 ) ~ e r ,  for example. 'Nisaion-Orlen~ed RLD and the Advancement of technology : 
The Impact of NASA Contribr'.ioils," Denver Fe~earch Inetitute, ? b y  1972. 
Prop o s i t i o n  No. 4 Therefore,  adequat .e support t o  apace R6D a c t i v i t y  
con t r ibu t e s  in  a s i f i n i f i can t  wav t o  longer term s o h -  
t i o n s  t o  t he  na t ion ' s  employment problems. 
This propoai t ion is the  l o g i c a l  conclusion t o  be drawn from those proceedinp, 
it. Here the  re fe tence  is not  pr imari ly  tc the  s c i e n t i s t s ,  e n ~ l n e e r s ,  tech- 
n i c i ans  and o the r s  d i r e c t l y  involved w i t h  the  space program - a  f i g u r e  t h a t  
reached some 400,000 a t  i ts peak i n  1966 and is less than ha l f  t h a t  number 
today. Ins tead ,  i t  is t o  those jobs t h a t  r e s u l t  from t h e  economic profcress 
made poss ib le  by technological  advance a sc r ibab le  t o  space BLD a c t i v i t y .  
This proposi t ion should be fu r the r  c l a r i f i e d  l e s t  the  d i r e c t  cont r ihu t ione  
of t he  space program t o  Improved product iv i ty  and higher  employment i n  t h e  
long run are overlooked. The foregoing has i n f e r e n t i a l l y ,  a t  l e a s t ,  s t r e s sed  
t h e  spin-off technology. But t he re  a r e  very s i p i f i c a n t  d i r e c t  cont r ihu t lone  
being made t o  increased e f f i c i ency  and higher product iv i ty .  Examples a r e  
p l e n t i f u l .  The in t roduc t ion  of communication s a t e l l i t e s  has  v a s t l y  improved 
the  product iv i ty  of segments of t h e  communication indus t ry .  The r e s u l t  has  
been lower cos t s  t o  the  indus t ry  and the  publ ic .  P r i o r  t o  t h e  Varly Rird 
s a t e l l i t e  ( I n t e l s a t  I).  t he  charge fo r  l e a s ing  a voice  grade ha l f  c i r c u i t  
between New York and Europe was $10,000 per month. Ry January 1974, t h e  
charge for  t he  same capab i l i t y  had been reduced by mcre than 50 percent t o  
- 
Broadcast satellite technology is alro being applied in an on-eoing effort to 
Improve productivity in the fields of education and public health. NASA's 
rixth Advanced Technology Satellite (ATS-6j is being used on an experirntal 
barir to extend the reach of medical doctors in metropolitan areas to remote 
and sparsely populated regiona. In like manner, the skills of teachers are 
baing extended to students in remote areas throu~h use of television broad- 
carts originating in population centers. 
Ao the apace program moves into an era of exploitation, where greater emphasis 
will be placed on applications of space technologv to help solve the problem 
of life on Earth, the direct contributions to greater efficiency and higher 
productivity will become more apparent. One important area, for example, 
is earth resources where the use of remote sensing techniaues from space as 
a tool to monitor and manage earth resources looks highly prom is in^. The 
Space Shuttle will also make a mjor contribution in that it represents a 
giant step forward in Increasing the productivity of launch systems and the 
werall efficiency of the space proffram. Lower launch and payload costs 
made possible by the Shuttle vill make more resources available for tmproved 
earth applications and other payloads designed to benefit conditions on earth. 
The combined economic leverage of the direct and indirect applications of 
space technology, then, give credibility to the final proposition. If one 
accepts the need for balanced economic growth to achieve full employnent, and 
recognizer the vital role of technology in the growth process and space RLD 
as an important source of that technology, then he must eurcly embrace the 
conclusion of thia proposition - adequate support to space RLD activity does 
contribute in a significant way to longer t e n  solutions to the nation's 
anployment problems. 
ALTERNATIVE USES OF SPACE IUD PSOURCES 
m a t  who c r i t i c i z e  the  spce program as being r e l a t i v e l y  unproductive, o r  
urge its reduction and delay while the  nation tries t o  r i d e  out the  current  
acoaaic atom, recorcld a r d i s t r i b u t l o n  of funding from space to the  pro- 
grams they support. Inevitably they argue tha t  v i t h  l e s s  spent on space, 
more w i l l  be spent on t h e i r  programs and in fe ren t i a l ly ,  of course, the 
i n t e r e s t s  of the  nat ion 's  f u l l  employment goal w i l l  thus be be t t e r  served. 
The more substantive portion of t h i s  argument - that  the natiou's f u l l  
employment goal w i l l  be be t t e r  served - has already been answered i n  the  
preceding sect ions.  But even the view tha t  lower funding f o r  space will 
eomehw r e s u l t  i n  higher funding support t o  other  programs is not borne out 
by the  fac ts .  
Shi f t ing  Space R6D t o  Nouspace RbD Program 
One group of c r i t i c s  doesn't over t ly  disparage K&L, a c t i v i t y  per se,  b u t  urges 
t h a t  funds be sh i f t ed  from space t o  nonspace RLD a c t i v i t i e s  of a c i v i l i a n  
nature a s  a means of obtaining more benefi ts .  But the  budgetary process 
simply doesn't  work that way. The executive branch typ ica l ly  recommends and 
the  Congreas appropriates funds f o r  programs v i t h  defined object ives,  much 
aa building highways, landing man on the  moon, o r  providing food stamps to 
those i n  need. These programs may o r  may not heire a high RLD cocccnt - if 
thoy do, then R6D l m l r  are increased and v i c e  verra. The point 10 tht 
88ldom, i f  ever, doer e i t h e r  branch rupport spending f o r  R&D siPlply t o  rnupport 
It i. doubtful, therefore, that any rpec i f i c  r d u c t i o n  of  R6D f u d r  f o r  the 
8p.c. program w u l d  automatically be applied to e f f o r t  arsociated v i t h  
nonopace progruu.  A@ a matter of f a c t ,  t he  r i g n l f i u n t  rh i f  t i n  the  c a -  
pornition of the  Federal budget in  recent  year. l a  favor of d i r e c t  benefi t8 
to iadividuals  h r  been in t r u m f e r  paymento, lost notably i n  income uacuri ty 
.Ird rh lb r  pr~grams. (See Table 1). The agencies responoible f o r  the re  
p r o g r m ,  of cowre, a r e  not heavy R&D urerr .  Agencies l i k e  the Socia l  
Securi ty Adminirtratioo md the Vetuut'r M n i r t r a t i o n  devote only a 
a i n w c u l e  p u t  of t h e i r  budget t o  R6D. 
The e f f e c t  of the  s h i f t  an p r i o r i t i e e  impliee a general reduction I n  govern- 
wrrt f d h g  f o r  r c i e n t i f i c  and technological a c t i v i t i e e .  And tha t  is 
a u c t l y  wht has been h a p p a  i n  recent yeare. Federal R&D expenditurea 
a s  a percent of the  t o t a l  Federal outlays f e l l  from 12.4 percent i n  1965 t o  
6.5 percent l a a t  year. In  conrrtrnt 1958 do l l a r s ,  Federal R&D expenditures 
-re lower i n  1974 than in 19b5 by some $2 b i l l i o n .  It can be assumed t h a t  
i f  fu r the r  expanuion i n  the  budgets of t h e  c i v i l i a n  nonrpace agencie8 con- 
t h e 8  t o  be domhated by tranufer  payments and other  government purcharer, 
1 tbe role of ~~~~t 80 a patron of ocicoce and technologp is l i k e l y  t o  
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diminish .  And, s i n c e  i t 's h i g h l y  u n l i k e l y  t h a t  t h i s  d iminut ion can be o f f s e t  
by p r i v a t e  R&D,  t h e  i m p l i c a t i o n s  are most d i s c o n c e r t i n g .  There was a marked 
slovdown i n  t h e  r i s e  of p r o d u c t i v i t y  i n  t h i s  country  s t a r t i n g  i n  t h e  lat ter  
1960's  t o  about  h a l f  t h e  previous  r a t e .  In  t h e  eyes  of  many economists ,  it 
is more than  mere co inc idence  t h a t  t h i s  occur red  as spending f o r  K6D l e v e l e d  
o u t  i n  t h e  mid-1960's and then  began d e c l i n i n g  a s  a pe rcen t  of CNP from 
3 percen t  i n  1965 t o  2.2 p e r c e n t  l a s t  y e a r .  (3 1 
Diver t ing  Resources from Space t o  S o c i a l  Programs 
More v o c i f e r o u s  than  t h e  group c a l l i n g  f o r  a r e a l l o c a t i o n  of  RbU funds i n  
suppor t ing  s c i e n c e  and technology a r e  those  who urge  t h a t  r e sources  devoted 
t o  t h e  space  program be d i v e r t e d  t o  more p r e s s i n g  s o c i a l  problems. Th i s  
view was d r a m a t i c a l l y  por t rayed  by r e p r e s e n t a t i v e s  of the  poor and t h e i r  
mule-drawn wagon t r a i n  a t  Cape Kennedy f o r  the  f i r s t  Apollo launch t o  t a k e  
men t o  t h e  moon. The premise f o r  t h i s  p o s i t i o n  is the  b e l i e f  t h a t  if t h e  
United S t a t e s  can s u c c e s s f u l l y  p u t  a man on t h e  moon, i t  can,  wi th  the  
same amount of money, e l i m i n a t e  pover ty ,  o r  p rov ide  enough jobs f o r  the  
unemployed, o r  c u r e  s i m i l a r  s o c i a l  problems. There is,  of course ,  no log i -  
c a l  b a s i s  f o r  t h i s  view i f  f o r  no o t h e r  reason than  t h e  f a c t  t h a t  n o s t  such 
problems r e q u i r e  p o l i t i c a l  and economic r a t h e r  than  t e c h n i c a l  s o l u t i o n s .  
Coupled w i t h  t h i s  view is t h e  deep-seated n o t i o n  t h a t  r e sources  devoted t o  
("see, f o r  example, An In te rv iew w i t h  John W. Kendrick, U.S. News and 
World Keport, March 24 ,  1975, pp 58-62. 
c- 
space rhould be d ive r t ed  t o  %ore important" s o c i a l  problem. (10) ne 
corol la ry ,  of course, i a  t h a t  t he  space program of tho p a r t  has been implo- 
w n t e d  a t  t he  expense of aolving the  more fundamental a o c i d  and economic 
problem of our nation. 
It is highly unl ikely,  however, t h a t  apending f o r  space har  d iver ted  funds 
from s o c i a l  programs. From PY 1966 t o  FY 1974, a n n u l  Federal ou t l ays  f o r  : 
income secu r i t y  a lone  ro se  from $28.9 b i l l i o n  t o  $84.4 b i l l i o n ,  and they are t 
expected t o  reach near ly  $107 b i l l i o n  i n  PY 1975. Outlays f o r  hea l th  have 
r i s e n  from $2.6 t o  $22.1 b i l l i o n  over  t h e  aame perirrd, and those f o r  educa- 
t i on  and manpower from 4.1 t o  11.6 b i l l i o n  - and =ach of these ca t ego r i e s  
w i l l  8180 be s i g n i f i c a n t l y  higher  i n  FY 1975. Paced with evidence of t h i s  
type, i t  is exceedingly d i f f i c u l t  t o  v a l i d a t e  t he  claim t h a t  t h e  c i v i l i a n  
rpace program, with ou t l ays  of about $3.0 b i l l i o n  i n  FX 1974 - down from 
$5.8 b i l l i o n  i n  1966 - has reduced support t o  the  anti-poverty o r  o the r  
s o c i a l  program'. I f  t h i s  i t 3  t he  caee, how can one account f o r  e s s e n t i a l l y  
the  same l e v e l  of apace expenditures i n  FY 1975 as l a e t  year,  while  t he  
combined out lays  f o r  hea l th  and income s e c u r i t y  w i l l  have increased by some 
$27 b i l l i o n  i n  t he  same one year 'period? 
It is, perhaps, negessary t o  r e i t e r a t e  once again t h a t  t he  views exprersed 
here  are not  intended t o  disparage t he  merit8 of these  programs, but  r a t h e r  
t o  d i r c r e d i t  the  p ro t e s t a t i ons  of t he  c r i t i c s  vho, i n  a t tack ing  the  space 
(10)blm8n, A ,  'The P o l i t i c a l  Economy of t he  Space Program." P a c i f i c  
Book Publisher*, Pale Alto, Ca l i forn ia ,  1974, p. 347. 
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program, use arguments with l i t t l e  o r  no merit. It makes l i t t l e  sense, 
indeed, to  ignore the baeic f a c t  t h a t  high technology a c t i v i t y  l i k e  the  
space program r e s u l t s  i n  long term productivity gains,  and most of the  
nat ional  poverty and similar  programs do not. Therefore, public  policy 
makers must r ea l i ze  tha t  the fu ture  should not be mortgaged f o r  the  sak5 of 
shor t  term expediency, that ue must have a balanced approach t h a t  considers 
avoidance of fu ture  problem even a s  it considers solut ions t o  current  prob- 
l e m ,  and t h a t  current act ions must be tempered with the  need t o  leave t o  
. 
fu ture  generations the  legacy of a v iable  economy not wracked by massive 
unenplop~ent and extensive poverty. 
This is the meseage impl ic i t  i n  Holman's argument when she a t a t e s  tha t  we should 
r e a l i e t i c a l l y  view poverty and re la ted  programs a s  pure welfare expenditures 
t h a t  a r e  normally jus t i f i ed ,  but t h a t  do not ul t imately reuul t  i n  an expansion 
i n  productive capacity. In  pointing out tha t  the  problem of extreme poverty 
is becoming an ever-increasing problem of maintaining income and consumption 
l eve l s  of famil ies  and individuals  who have l i t t l e  prospect of p r o v i d i n ~  
self-maintenance, ehe argued t h a t  ''To d ive r t  resources from the  space 
program and from other a c t i v i t i e s  tha t  increase productivity makes no sense 
i n  the long run because i t  is ralf-defeating. Productivity gains contr ibute 
to economic growth, econamic growth contr ibutes t o  higher l eve l s  of na t ional  
income, which in turn, provides a wider tax  baee t o  support l a r g e r  income 
and consumption ~ i n t e n a n c e  poverty programs." 
CONCLUSIONS 
Thir paper har r t r e r red  the  importance of 8 balanced approa~ : t o  aolving 
out nation'r roci.1 and economic problem ro  tha t  the  fu ture  a r  well  aa the  
p t u e n t  i r  given r u f f i c i e n t  at tent ion.  It i r  i n  t h i s  l i g h t  t h a t  the apace 
program rhould be c o m i d e r d ,  f o r  i t  doer make major contr ibutioar  t o  
improving productivity, r a i r i n g  incomer and generating employment. Argu- 
mentr that apace d i r e r t r  rrrources from 80ci.l programr, and t h a t  the  
t r m r f e r  wchanirm i r  the  most e f f i c i e n t  technique f o r  meeting job crea t ion  
. 
obj ec t iver  , rlmply Tack v a l i d i t y  . 
Since a l l  economic rerourcer a r e  limited, a l loca t ive  decisionr murt be made 
involving more o r  lerr rupport f o r  a l t e rna t ive  programs. Thw, t h e  r e a l  
co rm t o  aociety of a deci r ion  t o  c o m i t  ?reductive resourcer t o  a given 
program i r  the  value of the  r ac r i f l ced  altc-rnative program to which the  
rcclourcaa could have been a p p l i d .  O r  t o  put i t  more succinctly, ehe 
roci.1 c o r t  of w h a t  i r  done is  the  value of w h 8 t  might be done imtead.  
Perhapa i t  is i n  t h i r  reare of a l t e rna t ive  opportunitiaa l o s t ,  o r  i n  the  
jargon of the  economist, opportunity coats,  t ha t  w e  should view reductions 
in  8pending fo r  apace and other  high technology p r o g r m .  
Public p r o g r m  rpec i f i ca l ly  derigned t o  c rea te  jobs for  thoae reeking work 
a r e  roc ia l ly  der i rable  i f  they help t o  a l l e v i a t e  cyc l i ca l  unemployment during 
emergency conditionr when unemployment compenration and other  t r ad i t iona l  
ccmpenratoq m88rurer a r e  inadequate. But the  product of there  jobs oeldom 
enh~ncer  the  lu t ioa ' r  productive capacity i n  the a8me vay chat productivity 
i r  i n c r u r e d  by the  output of thoee employed i n  high technology pur ru i t r  
wch a r  apace. Beautif icat ion projec t r ,  f o r  example, may be a r t h e t i c a l l y  
rad therefore mocially desirable,  but the,? a r e  f a r  l o r 8  economically pro- 
ductive than the  improved ef f ic iency and lower c o r t r  *ortared by corpanmica- 
tioo u t e l l i t e a .  I f ,  therefore, the job crea t ion  and o ther  aoci.1 p r o p m r  
are purrued a t  the  sxpmra of the space program o r  o ther  high technolorn 
a c t i v i t y  by Oranrforring economic rerourcea from the  l a t t e r ,  t he  opportunity 
c o r t r  a r e  not jut the  Lnwdiate lose  of jobr i n  the  apace indurtxy, but the  
potent ia l  loma to the  nation'r p r o d u c t i v ~  capacity. 
The r e d  future  wrtr t o  rociety of t r an r fe r r ing  productive rarourcea from 
qace, then, a r e  i n  terms of the  adverae ef fec t*  on productivity, growth 
and, of courre, on fu tu re  job opportunities.  Surely a prudent p e r r m  murt 
conclude that theue c o r t r  a r e  f a r  too high t o  warrant rer iour  conaiderat;:m 
being given t o  a fu r the r  diminution of the  space program. 
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THE MULTIPLIER CONCEPT AND ITS APPLICATIONS 
Tho multiplier phenomenon rertr upon tne f a c t  t h a t  an increase i n  rptndlng 
in 8- form 8 timulatea r u c c u s i v e  round8 of secondary conrump t ion  rpending 
ro that the  t u u l t i n g  increare i n  income (or output) is rome multiple of 
the or ig ina l  i n c r u r e  i n  rpending. Thus, the mul t ip l ier  i r  a coeff ic ient  
re la t ing  aa increment of rpending t o  m increment of lncou .  I f  Y ir 
i ncm and I 10 private  Investment rpendiny by burinerr  while k ir  the  
u l t i p l i e r ,  than k b I  AY, S h i l a r l y ,  the r e r u l t o  of changer i n  conrumw 
rpending (C) and 8overmmt  apcnding (C) on income can be expressed a s  
kbC - ATB 8nd kffi rerpect ively,  
Th. Relatioarhip of Conrumption t o  Current Income 
It ir important t o  r t a t e  a t  th i a  point t h a t  the  amount of secondary coneump- 
tion rpmnding induced by an i n i t i a l  increase i n  investaent,  gaernment o r  
ca~rumer mpending i r  i a t i u t r \ l y  re la ted  t o  the consumption function, l ee . ,  the 
re la t ionrhip  between c e n e w t i o n  and current  income. More epecif i c a l l y  , 
deter r iaa t ion  of the  mul t ip l i r r  depends on the marginal propensity to  consume 
@PC), which ir defined ar the  portion of an iacremene of income t h a t  w i l l  be 
rpeut on coarmpt ioa  ra the r  than saved (6CJbY). Since by def in i t ioa ,  (dir- 
p a a b l e )  incoma not rpent i r  raved, the corollary t o  the  autginal  propensity 
to comma ir  the marginal propenoity t o  rave (PS), i.e., t h s  portion of au 
h ~ t a m ~ t  of ilrcow u v e d ,  The equation f o r  the  mul t ip l ier  cen e i t h e r  be 
.rptu@d U k 1/1-)(PC, or r ince  d e f i a i t i a l l y  the  sum of HPC and HPS must 
equal one, am the reciprocal  o YPS, tee., k - ~/MPS. ,These equations 
aimply txpresr  the  obvious f a c t  tha t  the  grea ter  the portion of an increment 
of iacome tha t  is spent, the grea ter  the mul t ip l ier  effect@. Although tha 
HYC (and therefore i 6 S )  can conceptrully be (! o r  1, In pract ice  the WC is 
usually * and e l .  If  i t  vas 1, of c o u x e ,  the  mul t ip l ier  would be 
h f i l r i t a l y  large, and .a i n i t i a l  Increase i n  spending would set off  .a endless 
arprasion of income. But leakages, p r i ac ipa l ly  savings, cause HPC t o  be (1, 
and the mult ip l ier  t o  be f bite.  
From tb+ above, i t  can be seen tha t  i f  a spending incremrnt of $1000 has an 
I 
&YkC of .IS, then the  mult ipl ier ,  1;. is determined a s  f o l l w s :  
A k - - m  A I I 
1-HYC 1-0.75 = 4, (or k = - = -  HPS 0.25 = 4) 
.ad the  ultimate increase i n  AY = 4 ($1000) = $4000. It should b e  noted that 
the  s i z e  of the  m !ti , l ier is d i r e c t l y  r e l a t ed  t o  the WC and inversely t o  
the  BPS, thu8 verifying the  asser t ion  tha t  the  s i z e  of the  mul t ip l ier  is a 
function of the  m u n t  of an addit ion t o  income that is spent. 
Govenmcnt Spending vs. Transfer Paywnte 
It $8 a basic aacroeconooic theorem t h a t  the  government purciures mul t ip l ier  
is a t e a t e r  than the  mul t ip l ier  associated with government t r ans fe r  payments 
much a r  mocial securi ty,  unemployment compensation, and re la ted  income 
aecuri ty progruu.  Since government purchases a f f e c t  nat ional  incame 
di rec t ly ,  v h i l e  t ransfer  pqments have an ind i rec t  e f fec t ,  ttiir rhould not 
be d i f f i c u l t  t o  accept i f  one recognitcs tha t  government pvcchases a r e  
- 
themaelver 4 part of the demand for goods and services, and therefore b v e  
the oame multiplier impact as, say, tire investment multiplier in the 
privato sactot. A $1000 increase in G, in other words, has ao W C  - 1. It 
calla fozth fully $1000 wortn of goods and services and thuo creates an 
initial increue I n  income of $1000, which subsequently uecomes aubject to 
the effects of s o w  leakage (HPC<l) at each successive level of spending. 
Trursfer payments, on the otner hand, affect national income only indirectly. 
Thay tend to have 8 smaller stimulative Impact than government purchases 
because the initial outlay, i.e., the amount spent by the transfer payment 
recipient, is subject to a condition where W C  = *1. Thus tn comparing 
equivalent $1000 increments of government purchases and transfers, the 
entire $1000 is spent by the government for purchases, vhereas in the case 
of trursfers, except when MPC - 1, some portion of the $1000 is saved; LC., 
not Immediately spent on consumption. Since the immediate influence of a 
$1000 transfer payment is less than $1000 due to the savings leakage, it 
follows that the total impact will also be less. 
This total impact for both government purchases and transfers can be dtter- 
mined by applying the multiplier to the ilmnediate change in spending. For 
govormurt purchares we have: 
AY - - AC, where l-b 
bY - changa in income 
A G = chawe in gowetanent purchases, and 
b = marginal propensity to coneume (MPC), 
For tran8fer6(1), since it cao be ar8-d that fract ions of transfer 
payment. leak into mrvinp, we have: 
1 b 
AX = - (bATr) = Z T r ,  where 1-b 
The multiplier effect o f  a change in transfers is, therefore, erarller in 
rite than the effect of a change in government purcharee. In fact, it can 
be shown algtbraically that the government purchaser multiplier is exactly 
. 
one more than the transfer multiplier, If b (the marginal propensity to 
conrrue) is 0.75, the purchases multiplier Is 1/1 - 0.75 or 4. The tram- 
fer multiplier, on the other hand, is 0.75/1 - 0.75 or 3. This is alwayr 
true, for: 
As further demonstration, by subtracting the transfer multiplier from the 
government purchaaea multiplier, we have: 
It goer without saying that this analysis assumes constancy in the marginal 
propensity to consume in both caser. It can be argued that in the real 
world trmsfers tend to go to lower income groups with higher MPC's, 
therefore the difference between government purchases and transfer multi- 
pliers may be lees than one, But even if the MPC of transfer recipients 
e m u l l l r  for tax reduct lunr in theoretically the m m e  as for 
transfer*. 
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is one, t ransfer  mul t ip l ier r  would j u s t  equal the  government purchases 
mult ipl ier .  The analysis  a l s o  assumes no s ign i f i can t  time lags  i n  speed- 
ing i n  e i t h e r  of the casecl, whereas an argument sometimes proffered 
favoring t ransfers  a s  having quicker e f f e c t s  is tha t  government purchare 
programa o f t en  require long lead times. 2levertheless, because the  i n i t i a l  
increase i n  government purchases giver rise t o  an increare i n  output and 
then induces clecondary increases i n  consumption, while t ranofers  them- 
selves do not give rile t o  i n i t i a l  increases i n  output (i.e., AG, bATr), 
(2) government purchases tend t o  have a more st imulat ive Impact. 
mloyment  and Spending Mult ipl iers  
The mult ipl ier  concepts described above can be refer red  t o  a s  spending 
mult ipl ierc (k) t o  dist inguish them from the  employment mul t ip l ier  (k'). 
A spending m ~ r l t i p l l e r  r e l a t e s  an increaae (or decrease) i n  consumption, 
investment o r  government expenditures t o  the  resul t ing  increase (or 
decrease) in income. Thue, as explained before, a change i n  government 
purchases (G) a f f e c t s  income Y a s  follows: ~ A G  = AY. The employment 
(2) Thir u s e s a o n t  ignorea the  imccelerator ef f ee ts, i. e., the  i n c r e a ~ e  i n  
investment spending resul t ing  from the  multiplier-irfluenced increase i n  
consumption spending. Although the  accelerator-mult ipl ier  in terac t ion  is 
i; 
a powerful economic force, f a i l u r e  t o  conrider i t  here does not a l t e r  the  j 
analysir ,  f o r  the  raw r e l a t i v e  r e s u l t s  theore t ica l ly  occur with or  vi th-  3 
f 
i 
out inclueion of the  accelerator  within the  scope of the  analysis.  j 
Iwlt ipl ler ,  oa the other hand, re la te r  the incruoa I n  priaury employment 
resulting from the opending hc t ea re ,  i.8,. emplayl~snt required t o  provide 
the good, and rervlcer initially purchased, t o  the r c d t i n g  increme i n  
to- emplopant. Thau, i f  priorry employment 10 N2 and t o t a l  employment 
$8 N, then k'ANp - N. Secondary employment that  created by subsequent 
round6 of spending, can then be ocpresaed am Ng - N - N2, 
Although incaw a d  employment tend to  rime and f a l l  together, it  is obviaur a 
that the two type8 of ~ ~ l t i p l i e r r  may not be Identical ,  1.e.. k and k' a re  
not necersarily equal. The fact  that  labor productivity and' wage r a t e s  d i f f e r  
m u g  i ndwt r i e r  meanr that  equivalent expenditures on dif ferent  bundles of 
goods and renricer are l ikely  t o  have aommht  dif ferent  p r h r y  eunplopent 
imp.ctr. The subaequmt secondary eraplop~wnt Impacts 411 a180 tend t o  be 
different. 
Since tmplagmcnt and Income do rise and f a l l  together, however, economists 
olt'tentlmer asrume tha t  k = k' for purpores of more groos analyses without 
doing great violence t o  the facts. This practice is admittedly not r t r i c t l y  
correct and should not be a rb i t ra r i ly  assumed vhen specific employment 
Impact assessments of al ternative policies are t o  be made, But i t  Is aeually 
nrff ic lent  fo r  purpoaes of macroeconolnic analyses of the type p e r f o m d  i n  
t h i r  paper. 
Concludkra R(1yrk8 
A final point i r  in order. It fo l l ow  from the abwe that  contrary t o  
popular bal*%f, it l a  not accurate to conclude that  government tranrfero 
vill ipso facto create more jobs than high technology activities such a8 
the space program. Although transfer payments may go to people with lower 
incomes, and a given transfer outlay may therefore by divided initially 
among more people with perhaps higher WC's than an equivalent outlay for 
space where the recipiente are higher paid on the average, one must not 
lose sight of the offsetting facts that: 1) government purchase multipliers 
are inherently higher than transfer multipliers; and 2) space spending con- 
tributes to technology advancement and increased productivity which, in 
the longer run, vill foster economic growth and consequently an overall 
expansion of job opportunities. 
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COMMUNICATIONS LINK ANALYSIS 
A study o f  the power requirements needed t o  perform f i v e  serv ices fin a 
geosynchronous p l a t f o rm  has been made. The f i v e  serv ices s tud ied  were: 
1. D i r ec t  t o  the home broadcast t e l e v i s i o n  
2. Teleconferencing 
3. Persona l commun i ca t i ons 
4. 'Nat iona l  In format ion Serv ice 
5. E lec t r on i c  Ma i l  
General ground ru l es  and cons t ra i n t s  on the design o f  the communication 
sys terns were: 
1. Minimize the cost  t o  the ground system 
2. Po in t ing  accuracy t o  . O 1  degree on p l a t f o r m  
3. Maximum pr imary power a v a i l a b l e  t o  a l l  serv ices 
i s  500 kW. 
4.  Use RF frequency bands a l l oca ted  t o  these serv ices 
by U. S. Government and i n t e r n a t  iona l  agreements 
( i f  app l i cab le )  t o  minimize in te r fe rence  
A d e t a i l e d  ana lys is  o f  the l i n k  ca l cu l a t i ons  and r e s u l t s  a re  as fo l lows 
(see F igure 1). 
Service: Persona 1 Communications (see F igure 2) 
Th is  se r v i ce  a l lows the user t o  communicate,via a handheld t r ansm i t t e r /  
r ece i ve r  o r  telephone, w i t h  any o the r  se rv ice  subscr iber.  The user contacts  
a s w i t c h i n g / b i l l i q g  center which then re lays  the c a l l  on t o  i t s  des t i na t i on .  
For ease i n  i d e n t i f i c a t i o n  and b i l l i n g ,  a d i g i t a l  modulation technique i s  
used - QPSK Variabie-Slope De l ta  Modulation. For t h i s  modulat ion scheme, a 
C/No = 9.7 dB g ives a b i t  e r r o r  r a t e  RER = which i s  adequate f o r  t h i s  
study. See Noise Budget Parameters, Table 1.  
Cot ls t ra in ts  on the handheld un i , t  are: 
I. Antenna Gain (T~IR~) - 9 dB i  
2. Transmi t ter  Output Power = 1 Watt 
3. Receiver Noise Semperature = 34  dB - O K  
4. Po in t i ng  Angle ( 3  d ~ )  = 58" 
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These cons t ra i n t s  cause the l i n k  calculations t o  r e s u l t  i n  the power budget 
g iven I n  Table 2. It should be noted t h a t  the  c a l l e r  must know the  area o f  
the  person he 1s c a l l i n g  ( s i m i l a r  t o  telephone area code). 
The 1 i n k  c a l c u l a t i o r s  f o r  the  f o u r  1 inks  (remote u n i t  t o  spacecraf t  and 
reverse; sw i tch ing  center t o  spacecraf t  and reverse) a re  shown i n  F igures 3 ': 
t h r u  7. I t  may be seen t h a t  t he  t o t a l  pr imary power need by the  spacecraf t  
i s  129.3 kW a t  i GHz. This va lue i s  a r r i v e d  a t  by m u l t i p l y i n g  the  per channel 
ElRP (891 M wat ts )  by 45,000 ( t he  number o f  users t h a t  could c a l l  s imultaneously)  
and us ing  a 33 percent dc t o  RF e f f i c i e n c y .  The e f f i c i e n c y  i s  somewhat 
reduced due t o  the approximate 6 dB backof f  from tube s a t u r a t i o n  output  power 
necessary i n  order  t o  reduce the  in termodulat ion w i t h i n  each o f  the  3P0 beam 
d r i v e r  ampl i f i e r s .  For 150 channels, each a t  850 M wa t t  = 1.07 kW, o f i f i e r s  
a re  needed. A h igher  frequency would o n l y  increase t h i s  t o t a l  anp' t i le re for=,  
was no t  des i red. A lower f requen.cy (i . e., 900 MHZ) would have requ i red a 
1.3 f o o t  antenna aper ture f o r  t he  handheld u n i t  f o r  the same gain,  a l s o  
unacceptable. 
The number of beams needed i s  somewhat a r b i t r a r y ,  i n  t h a t  i t  must s t i l l  
be seen i f  a 1 arge number o f  beams ( i  . e., 300) can be const ructed - none 
have been bu i  1 t a t  the present. The beams would be pos i t i oned  on the, ground 
i n  a t r i a n g u l a r  fashion f o r  optimum ground coverage. Figures 8 and 9 show 
the  e f f e c t s  o f  antenna ga in  and frequency used on the number o f  beams needed 
f o r  CONUS converage and amount o f  s a t e l l i t e  t r ansm i t t e r  RF ou tpu t  needed f o r  
the ca lcu la ted  E l R P  t o  the remote ( i .e . ,  handheld u n i t ) .  
I t  would be poss ib le  t c  use an FM analog system w i t h  the same bandwidth 
and ob ta i n  an advantage o f  15 dB o f  SNR by employing companding. However, 
the C/N i s  s t i  11 1 im i ted  t o  a 8-9 dB threshold  and, therefore,  no t  be much 
improved over the 10 dB C/N requi  red by the  d i g i t a l  system used here. Also, 
the  no ise heard by the  rece i ve r  would be o f  a d i f f e r e n t  na tu re  (thermal 
r a the r  than quan t i za t ion )  i n  an FM system. 
Another cons idera t ion  o f  the design i s  t he  use o f  h i gh  power (1 k ~ )  TWTA's 
o r  i n d i v i d u a l  low power ( 1  wa t t )  so l  i d  s t a t e  ampl i f  i e r s  i n  the s a t e l l i t e  
transponder. 
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If s o l i d  s t a t e  devices were used, then 45,000 a m p l i f i e r s  would be 
needed - 150 f o r  each beam ( f o r  300 beams). The problem o f  connect i on  
and proper f i 1 t r a t i o n  w i  thout  losses would be a ser ious problem. One 
advantage of us ing separate a m p l i f i e r s  would be t h a t  there  would be no 
'? reduct ion of c a r r i e r  power due t o  m u l t i c a r r i e r  opera t ion  and no i n t e r -  
' \ modulation product power generated (a 6 dB backoff f o r  C / I M  and a 4.3 dB 
m u l t i c a r r i e r  loss  was assumed i n  the TWTA). 
Service 2: Nat lonal  In format ion Service 
This serv ice  uses a comun lca t ions  system s i m i l a r  t o  the personal com- 
munications service. The subscr iber t ransmi ts  a quest ion t o  a s w i t c h i n g / b i l l i n g  
o f f i c e  by telephone. I t  i s  then t ransmi t ted v i a  the s w i t c h i n g / b i i l i n g  center,  
t o  the space plat form, where i t  i s  relayed t o  the appropr ia te  in fo rmat ion  
center.  The rep l y  i s  sent i n  the reverse d i r ec t i on .  
Since the vo ice channel system o f  the personal communication serv ice  
w i l l  handle each i nd i v i dua l  quer ie,  the  l i n k  c a l c u l a t i o n  would n o t  need t o  
be repeated. A d i g i t a l  message o f  a t  l eas t  6 Kbps i s  al lowed i n  p lace o f  any 
one vo ice channel. For 2400 bps transmission, a t  l e a s t  twa quer ies can be 
t ransmi t ted on one vo ice channel (modulation might be QPSK). 
Service 3: D i r e c t  Broadcast TV 
D i rec t  broadcast TV incorporates a cen t ra l  t r ansm i t t e r  f o r  the  e n t i r e  
Uni ted States, w i t h  each home dwe l l i ng  (apar tment /o f f ice b u i l d i n g )  rece iv ing  , 
t he  s igna l  v i a  a roo f top  antenna and FM/AM conver t ing rece iver .  See F igure  10. 
The noise budget (see Figures 11. and 12) shows t h a t  f o r  an ou tpu t  
SNR= 49 dB, a CNR o f  10.22 dB i s  required. For the downlink (i.e., space t o  
home) , t h  i s requi  8-c: an S/C E l  RP = 68.0 dBW/Chan. Th is  requi  res a transmi t t e r  
ou tpu t  of  565 wat ts  (54.8 kW dc per channel inpu t ) .  
Th i r t y - twc  beams on a s i n g l e  an tema w i l l  cover CONUS. The ground 
rece iv ing  antenna ( roo f  top) i s  2.7 f e e t  i n  diameter, which g ives i t  a 3 dB 
beamwidth o f  2.3 degrees. Higher ga in  i n  t h i s  antenna would increase the 
diameter and narrow the beamwidth, making the antenna more expensive and more 
d i f f i c u l t  t o  p o i n t  and mount. 
For f i v e  channels, 274 kW f o r  t r ansm i t t e r  power i s  requi red by the 
..- 1 ",I 
sa te l  l i t e .  See F igure  13. ' The ground requirements (see Figure 1 4 )  a re  
17.8 wat tdchannel .  I t  can be seen from Figure 15 t h a t  a h igher  frequency 
chotce would be power proh i  b i  t i v e  a t  the spacecraft (keeping the ground 
rece i ver cons tan t )  . 
Service 4: Tel econferenc i n p  
I t  i s  assumed tha t  t h i s  se rv ice  w i l l  be provided t o  special  i r e d  custcmers 
(i .e. cost i s  not  the prime ob jec t i ve )  . Therefore, h igher  frequencies, which 
p r e c i p i t a t e s  h igher  path loss and, hence, higher rece ive equipment cos t s -a re  
chosen, The frequency band 40-43 GHz has been used f o r  t h i s  study. 
Ftgure 16 shows the system conf igurat ion.  Three antennas, 4.7 f e e t  i n  
dlameter, duplexed, g i v i r g  53 dB (peak) TX/RX pa in  a re  used. F i f t y - f o u r  
beams per antenna, each wi t h  f o o t p r i n t  of 162 m i  les, wi 11 cover CONUS 
from Geosynchronous o r b i t .  
For a t o t a l  o f  80 teleconferences, each needing 1068 w. t s  dc ( i 7 8  wat ts  
 gives a t o t a l  o f  85,400 wat ts  o f  S/C prime power. The up1 i n k  grolmd 
antenna i s  4 f e e t  i n  diameter, w i t h  a t r ansm i t t e r  of  16.6 wat ts  RF. The 
receive antenna ga in  o f  51 dB i s  needed f o r  a no ise temperature o f  5000.F 
t o t a l .  An output  SNR of 52 dB i s  ca lcu la ted  f o r  a 32 MHz RF bandwidth 
a t  a C/N system of 13.22 dB. See Figures 1 7 ' t h r u  20. 
' 
Service 5: E lec t ron i c  Ma i l  
Ma i l  w i l l  be t ransmi t ted from one o f  800 Post O f f i c e  centers v i a  the 
p la t form,  as shown i n  F igure 21. The Post O f f i c e  centers w i l l  rece ive the 
d a i l y  mai l  from a v a r i e t y  o f  sources: 
1. Di rect !y  from customers i n  paper form 
2. Frog nearby Post O f f i ces  v i a  microwave l i n k  
(already i n  t ransmisslon form) 
3. From l a rge  customers v t a  microwave o r  telephone 
system 
A f t e r  transmission by d i g i t a l  technique (see F igure 22),  the l e t t e r s  are 
converted back t o  paper form and de l  ivered by Postmen. 
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A h i gh  frequency (20 t o  30 GHz) i s  used so as no t  t o  i n t e r f e r e  w i t h  
o the r  serv ices provided by t he  p le t form,  t o  keep antenna s i ze  smal l ,  and 
because transmission from any one center  wi  11 no t  average above 18 seconds, 
I 
t 
whlch a1 l e v i a t e s  the h igh  a t t enua t i on  probabi 1  i t y  dur ing  p r e c i p i t a t i o n .  
. . 
For a DC-PSK (phase s h i f t  key) modulat ion scheme, a  C/N o f  34 dB w i  11 
y i e l d  a  b i t  e r r q  r a t e  o f  g rea te r  than I X 10" (Figure 21). The parer  
budget (Figure 23) shows t h a t  antenna gains o f  55 dB ( T X  and RX)  w i t h  95 (RF) 
wat t  ground m d  4.3 kW S;C (RF) (13 kW dc) t r ansm i t t e r s  w i  11 be requi  red. 
In  order t o  cover a1 1 CONUS, a  55 dBi ga in  antenna from geosynch. o r b ]  t 
has a 125 m i l e  f o o t p r i n t  r e q u i r i n g  300 beams. S i x  antennas w i t h  50 beams 
on each i s  used f o r  both t r a n s m i t t i n s  and rece iv ing.  L i nk  budgets c a l c u i a t i o r ~ s  
f o r  t h i s  se rv ice  a re  shown i n  F iqure 24 and 25. 
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Table 2. Power Budget - Personal Communications 
I UPLINK BUDGET I REMOTE TO S/C 
RF Frequency 
RF Bandwid th/Beam 
Ground Transmi t t e r  Output 
Ground Transmi t ter  
Antenna Gain 
Ground Antenna Beamwidth 
Po in t i ng  & Margin Loss 
Modem Loss 
'E I RP/CARR I ER 
Path Loss 
S/C RX Antenna Gain 
4 GHz 
5.7 MHz 
0 dBw 
+9 d & i  (3.6") 
158 d egrees 
-6 dB 
-1.4 dB 
I t 1  . b  dBw 
I (55 dB peak) 
I DOWNL I NK BUDGET I 1 S/C TO REMOTE 
~ R F  Frequency 
IRF Bandw i d t h/Beam 
)S /C  Transmi t Output (RF) mw/ckan 
To ta l  S/C Primary Power:? @ 32% E f f i c .  
S/C Transmi t Ant. Gain Tota l  
/S /C Foo tp r i n t  Diameter*<: /(.28O) 130 mi les  
'Modem Loss -1.4 dB 
Patterr  Loss 1-3 d~ 
l ~ a r ~  i n 
E l  RP/Carr i e r  
Path Loss 
Ground RX Antenna Gain 
I 
i 
! *w i th  vo ice a c t i v a t i o n  I 1+4.5 dB 
I:%s;:% t o  Cover CONUS I300 
/Users/Beam 150 
/Tota l  System Users ,UoO 
~ M u l t i c a r r i e r  Loss dB ' 4  dB 
Output  backof f  
I 16 dB 
CENTER TO S/C 
4 GHz 
5.7 MHz 
110 mw/chan 
+30 dB i  (3.2 ' )  
5 degrees 
- 3  dB 
-1.4 dB 
20.4 dBw 
-197 dB 
42 dB i  (45 dB peak) 
S/C TO CENTER 
4 GHz 
2.85 MHz 
64.5 mw/chan 
8.7 kw 
45 dB4 
411 mi les  
-1.4 dB 
- 3  dB 
-3  dB 
20.1 dBW 
-197 dB 
+30 dB i  
Rockwell International 
Space Mvkian 
F igure  3. L l NK BUDGET CALCULAT l ON 
LlNK DESCRIPTION PERSONAL COMMUNICATIONS/NIS - UPLINK - HANDHELD TRANSMITTER 
-L +G -L -L -L -L +G -K-T -B -L -L -Margin C / N = P ~  C T X  P A E M RX S RF T POI 
PARAMETt R 
Frequency 
PT Power Generated 
LC C i r c u i t  Losses 
LM Modulat ion Loss 
GTX Transmit Antenna Gain 
LT Pa t t e rn  Edge Loss 
L ~ T  Antenna Po in t i ng  Loss 
ElRP E f f .  I s o t r o p i c  Rad. Power 
Lp Space Loss 
LA Atmosphere Loss 
GRX Receive Antenna Gain 
LC C i r c u i t  Loss 
C Ca r r i e r  Power 
K Bottzmanns Constant 
TS Receive Sy5 Noise Temp 
B Noise Bandwidth 
N Noise Power 
M Margin 
C /N  Ca r r i e r  t c  Noise Rat io  
(C/N) Requ i red C/N 
C/N Above Margin 
LlNK + 
0 
9.0 
5 5 
REMARKS 
1 Watt 
D = 3.6" 
Beamwi d t h  = 58' 
D = 60 f e e t  
LlNK BUDGET CALCULATION 
LlNK DESCRIPTION PERSONAL COMMUNICATIONS DOWNLINK SPACECRAFT TO CENTER 
I 
PARAMETER UNITS L l N K + L l N K -  C 
- 
REMARKS 
P~ Power Generated d Bw -1 1 .g  64.5 MW 
L~~ Mu1 t i  channel Loss dB -4.5 
V A Voice A c t i v a t i o n  dB +4.5 
L~ C i r c u i t  Losses dB 1 .O 
LM Modu la t ionLoss  dB C 
GTX Transmi t Antenna Gain d Bi. 4 5 
LF P a t t e r n E d g e l o s s  dB 3.0 
L ~ T  Antenna Po in t i ng  Loss dB .5 
ElRP Eff .  I s o t r o p i c  Rad. Power dBw 28.6 
19 f t .  
L P Space LOSS 
LA Atmospheric Loss 
G~~ Receive Antenna Gain 
LC C i r c u i t  Loss 
C Ca r r i e r  P ~ w e r  
K Bottzmanns Constant 
T s Receive Sys Noise Temp 
B Noise Bandwidth 
N Noise Power 
M Margin 
C/N Ca r r i e r  t o  Noise Ra t i o  
( c / N ) ~  Required i / N  
C/N Above Marg i n 
PDC = 64.5 X 10-3 x 45,000 Users X I/.)) e f f i c i e n c y  8 . 8  kw 
6.6 f t .  
ORIGINAL PAGE Ib 
OF POOR QUGLITY 
Rockwell International 
Space Division 
r- LlNK BUDGET CALCULATION 
LlNK DESCRIPTION PERSONAL COMMUNICATION - UPLINK BILLING CENTER TO SPACECRAFT 
PARAMETER UNITS LINK + LINK - C REMARKS ' 
Frequency 
Power Generated 
C i r c u i t  Losses 
Modulat ion Loss 
Transmi t Antenna Ga i n 
Pa t te rn  Edge Loss 
Antenna Po in t i ng  Loss 
E f f .  I s o t r o p i c  Rad. Power 
Space Loss 
Atmospheric Loss 
Recei ve Antenna Gain 
C i r c u i t  Loss 
Car r ie r  Power 
Bottzmanns Constant 
Receive Sys Noise Temp 
Noise Bandwidth 
Noise Power 
Margi n 
Car r ie r  t o  Noise Ra t i o  
(c/N) Requ i red C / Y  
C/N Above Margin 
19 f t .  d ia .  
-9.6 109.6 MW 
1 .o 
1.4 
30 D 43.3 f t .  
3.0 
5 
14.5 
197.5 
.2  
5 
-138.7 
-228.6 
27 8 
42.7 
-158.1 
3.0 -155.1 
16.4 
F igure  5 
014 Rockwell International 
Space Division 
L I NK BUDGET CALCULAT l ON 
LlNK DESCRIPTION PERSOKAL COMMUNICATIONS DOWNLINK SPACECRAFT TO HANDHELD UNIT 
C/N P ~ ~ L C + ~ T X ~ L p ~ L A ' L E ~ L M + G R X ' K - T S ~ ~ R F ~ L ~ ' L p o l  i n + VA-LMC 
PARAMETER 
Power Generated 
Mult ichannel  Loss 
Voice A c t i v a t i o n  Imp. 
C i r c u i t  Losses 
Modulat ion Loss 
Transmit Antenna Gain 
Pa t te rn  Edge Loss 
Antenna Po in t i ng  Loss 
E f f .  I s o t r o p i c  Rad. Power 
Space Loss 
Atmospheric Loss 
Receive Antenna Gain 
C i r c u i t  Loss 
C a r r i e r  Power 
Bottzmanns Constant 
Receive Sys. Noise Temp. 
Noise Bandwidth 
Noise Power 
Margin 
Ca r r i e r  t o  Noise Rat io  
( c / N ) ~  Required C/N 
C/N Above Margin 
UNITS 
d Bw 
dB 
dB 
dB 
dB 
d B i  
dB 
dB 
d Bw 
dB 
a B 
d B i  
dB 
d Bw 
dBw/OK-Hz 
dB- OK 
dB-Hz 
d Bw 
dB 
dB 
dB 
dB 
LlNK + LlNK - I C 
-
REMARKS 
1 i 
- . 5  : 891 MW! 
I 
4.5 
4.5 
1 .@ 
0 
55.0 
3.0 
0 
50.5 
197 
.2 
9.0 
- 3  
-138.0 
-228.6 
34.0 
42.7 
-151.9 
3.0 148.9 
10.9 
10.9 
0 
PDC = 891 X 10-3 X 45,000 X 1/.33 - 12i.5 X l o 3  wat ts  
F igure  6 
ORIGINAL PAGE Ib 
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FIGURE ! 0. GEOSYNCHRONOUS PLATFORM D l  RECT BROADCAST EDUCATION* 
G = 52 dB 
Gfl = 34 
32 BEAMS 
15.4 FT 
/ FUIL = 14 GHz 
ElRP = 63.1 dBW 
G = 50 dB 
BROADCAST 
TRANSMITTER 
ElRP = 72.62 
G = 52 dB 
32 BEAMS 
20.2 FT 
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L l  NK BUDGET CALCULAT l ON 
Dl RECT tDUCAT I2iiAL TV DOWNL l NK TO GROUND RECE l VER 
C/N P T ~ L ~ + G ~ ~ ~ L ~ ~ L ~ ~ L ~ ~ L ~ + G ~ ~ ~ K - T ~ ~ B ~ ~ L ~ ~ L ~ ~ ~ ~ M ~ ~ ~ ~ ~  
PARAMETER 
Frequency 
Power Generated 
C i r c u  i t Losses 
Modula t ion  LOSS 
Transmi t Antenna Gain 
P a t t e r n  Edge Loss 
Antenna P o i n t i q g  Loss 
E f f .  I s o t r o p i c  R2d. wcr 
Space Loss 
Atmospheric Loss 
Receive Antenna Gain 
C i r c u i t  Loss 
C a r r i e r  Power 
Bottzmanns Constant 
Receive Sys. Noise Temp. 
Noise Bandwidth 
no is^ Power 
Margin 
C a r r i e r  t o  h ! ~ f s e  H a t i 9  
(C/N) Requ i red C/N 
C/N Above Marg in  
Y. UNITS LlNK + LlNK - 1, 
---. 
REMARKS 
I 
1 1  - 0  K-Band 
565 w a t t s  
Dia.= 202' ,  
.go Beamwidth 
2.3 f e e t  
2.3"Be- ,w id th  
103.4 
-228.6 
35.8 RX N.F.= 1 1  
75.1 32.4 MHz 
- 1  17.9 
3.0 -114.9 
11.5 ( C - N )  
11.22 
.28 
'DC 565 w a t t s  X 5 i hanne l  X 1/.33 E f r i c .  = 8565 watts/beam 
f o r  32 beams = 274 kw 
F igu re  13 
LINK BUDGET CALCULATION 
LlNK DESCRIPTION'DIRECT EDUCATIONAL TV UPLINK GROUND TO SPACECRAFT 
C/N = P T - L ~ + G ~ ~ -  Cp-LA-LE-LM+GRX-K-TS-BRF-L~-L~~ -Marg i n 
PARAMETER UN I TS 
RF Frequency GHz 
h Power Generated d Bw 
LC C i rcu  i t Losses dB 
LH Hodu la t ionLoss  dB 
GTX Transmit Antenna Gain d&i 
LE Pat te rn  Ed+ Loss dB 
L p ~  AntennaPo in t ingLoss  dB 
ElRP Ef f .  I so t rop icRad.  Power dBw 
L P Space LOSS dB 
LA Atmospheric Loss dB 
GRx Receive Antenna Gain d k  
LC C i r c u i t  Loss dB 
C Ca r r i e r  Power d Bw 
K Bottzmanns Constant dBw/" K-Hz 
TS ReceiveSys.NoiseTemp. ~ B - O K  
B Noise Bandwidth dB-Hz 
N ~ d i s e  Power d Bw 
M Margin dB 
C/N Ca r r i e r  t o  Noise Rat io  dB 
(c/N) R Requ i red C/N dB 
C/N Above Margin dB 
LlNK + , LINK - ' C 
_ I _  
REMARKS 
14.0 
12.5 17.78 wa t t s  
1 .o 
0 
53 13 ft. ( . 4")  
3.0 
.5 
61 .!I 
207.5 
. 3  
55 
1 .o 
-92.8 
-228.6 
37- 0 
75.1 
-1 16.6 
3.0 
20.8 
15.0 
5.8 
F igure 14 
BASELINE 
GUOLIND - GRX = 37 dBi 
S/C - GTX = 42 dl3i (45 dBi PEAK) 
I .  . . 
. I  2 4 6 8 I0 12 14 16 18 20 22 24 26 
FREQUENCY ( GHz ) 
Figure 15.  Direct Broadcast TV 
,l 
F l  GURE 16. GEOSYNCHRONOUS PLATFORM: TELECONFERENCING 
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SAMPLE LlNK CALCULATION 
L l NK DESCRl PT l ON T ELECONFERENC l NG OOWNL l NK 
C/N P T - L ~ + G ~ ~ - L P  LA-LE-LM+GRx-K-TSsBRF-LFsLP0 -Ha r g  i n 
PARAMETER UN l TS 
Frequency 
P w e r  Generated 
C i rcu i t Losses 
Modulat ion Loss 
Transmit Antenna 
Gain 
Pa t t e rn  Edge Loss 
Antenna Po in t i ng  
Loss 
E f f .  I s o t r o p i c  Rad. 
Power 
Space Loss 
Atmospheric Loss 
Rece i ve Antenna Ga i n  
C i r c u i t  Loss 
Ca r r i e r  Power 
Bottzmanns Constant ~ B W / ~ K - H Z  
Receive Sys Noise 
Temp dB-OK 
Noise Bandwidth dB-Hz 
Noise Power dBw 
Marg i n dB 
Ca r r i e r  t o  Noise 
Radio dB 
(c/N) R Requi red C/N dB 
C/N Above Margin dB 
LlNK + LlNK - C 
--
REMARKS 
178 wat ts  
Dia. = 4.7' ( . 3a0 )  
163 mi les  
F igure 19 
490 
@A! Rockwell International 
Space- 
SAMPLE LlNK CALCULATION 
LlNK DESCRIPTION TELECONFERENCING UPLINK 
k .  
e PARAMETER UNITS LINK + LINK - - c REMARKS 
PT 
LC 
L M 
G~~ 
LF 
L~~ 
ElRP 
Frequency GHz 43.0 : 
Power Generated dBw 18.2 66.j wat t s  
C i r c u i t  Losses dB 1 .O 
Modulat ion Loss dB 0 
Transmit Antenna Gain dB i  53.0 4 fee t  
Pa t t e rn  Edge Loss dB 3.9 
Antenna Po in t i ng  Loss dB - 5  
E f f .  I s o t r o p i c  Rad 
Power 
Space Loss 
Atmospher i c Loss 
Receive Antenna Ga i n 
C i r c u i t  Loss 
Ca r r i e r  Power 
Bottzmanns Constant 
Receive Sys Noise 
Temperature 
Noise Bandwidth 
Noise Power 
Margin 
Ca r r i e r  t o  Noise 
Ra t i o  
(C/N) Required C/N 
C/N Above Ma r g  i n 
3.3 fee t  
F igure 20 
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LINK BI'DGET CALCULATION 
LlNK DESCRIPTION ELECTRONIC MAIL - DOWNLINK 
C/N = P T - L ~ + G T ~ - L ~ - L A - L E - L ~ + G R ~ - K - T ~ - B ~ ~ - L ~ ~ L ~ ~ ~ -  Margin 
PARAMETER 
- 
PT 
LC 
LM 
'TX 
L E 
L~~ 
ElRP 
L P 
LA 
G~~ 
LC 
C 
K 
T s 
B 
N 
M 
C/N 
Frequency 
Power Generated 
C i r c u i t  Losses 
Modulation Loss 
Transml t Antenna Ga i n 
Pat tern Edge Loss 
Antenna Po in t ing  Loss 
Ef f . l s o t  rop i c Rad Pcwer 
Space Loss 
Atmospheric Loss 
Rece i ve Antenna Gain 
C i r c u i t  Loss 
Car r ie r  Power 
Bottzmanns Constant 
Receive Sys Noise Temp. 
Noise Bandwidth 
Noise Power 
Marg i n 
Ca r r i e r  t o  Noise Rat io  
( C / N ) ~  Required C I N  
C h i  Above Margin 
UNITS 
GHz 
d Bw 
u B 
dB 
dB i  
dB 
dB 
dB 
dB 
d B i  
dB 
dBw 
dBw/OK-Hz 
dB-OK 
dB-Hz 
d Bw 
dB 
dB 
dB 
dB 
LINK LINK - C !4EHkt.: . 
-  ...-, .- 
2 0 
11.6 14.46 w 
1 .o 
1.4 
5 5 
3.0 
5 
60.7 
210.8 
5 
5 5 12 f t  .28" = 
125 m i  f o o t -  
p r i n t  
5 
-96.1 
-228.6 
34 
60.9 
-133.7 
-130.7 
34.6 
3 2 
2.6 
F igure 24 
t PARAMETER UNITS LINK + - LINK - C REMARKS , 
! 
Frequency GHz ! 30 
Power Generated 
C i r c u i t  Losses 
Modul a t  i on Loss 
Transmi t Antenna Gain 
Pattern Edge Loss 
Antenna Point ing Loss 
E f f .  I so t rop ic  Rad. Power 
Space Loss 
Atmospheric Loss 
Receive Antenna Ga i n 
C i r c u i t  Loss 
Carr ier  Power 
K Bottzmanns Cons tan t dBw/OK-Hz -228.6 
TS Receive Sys Noise Temp. dB-OK 3 1 
B Nolse Bandwidth dB-Hz 60.9 
N Noise Power dBw -13b . 
M Margin dB 3.0 -133 .7  
C/N Carr ier  t o  Noise Rat io dB 45.5 
(c/N) R Requ i red C/N dB 40.0 
dB 5.5 C/N Above Margin 
Figure 25 
I.. 
t GEOSYNCHRONOUS PLATFORM POWER REQUIREMENTS 
Concern has been expressed i n  the large amount o f  power required f o r  
some o f  the services performed by the geosynchronous platform. I n  order t o  
understand the ra t iona le  for  the large amount of power tha t  must be generated 
by the platform, the constra ints  o f  the system must bc known. The primary 
constraint f o r  the d i r e c t  educational t e lev i s ion  serv ice i s  the low cost and, 
hence, lw performance o f  the ground receiver.  
The performance ob jec t ive  o f  a communication system i s  the s ignal - to-  
noise (S/N) r a t i o .  Any spec i f ied  S/N leve l  may be achieved by e i t h e r  
increasing the signal power(S) o r  decreasing the noise level  (N ) .  The signal 
power i s  d i r e c t l y  re la ted  t o  the amount o f  energy generated a t  the platform. 
The noise leve l  i s  d i r e c t l y  re la ted  t o  the noise tcnperature o f  the home 
recei ver . 
To show the e f fec ts  o f  lowering the ground rece; r noise temperature 
on the required t ransmit ter  cic power a t  the platform, refer  t o  Figure 26 .  
For a given downlink c a r r i e r  t o  noise r a t i o  of 11.5 dB { f i x i n g  antenna gains 
and signal- to-noise rat io),we see the l i nea r  re la t ionsh ip  between temperature 
and power. For a decrease o f  5.5 dB-degrees Kelv in I n  receiver noise tempera- 
t u re  (from 5750°K t o  1540°K), we see a r a d ~ c t i o n  o f  33.1 kW o f  power per channel 
(166 kW for  5 channels) a t  the platform. 
According t o  a NASA Lewis report  (w i th  1976 cost data), the p r i ce  increase 
f o r  the cooler receiver would be about $100.00 per u n i t  ( f o r  buys o f  one m i  I' ion). 
That resu l ts  i n  a $100,000,000 increase i n  receiver costs. This must be 
compared w i th  the savings o f  33 kW per channel of so lar  c e l l s  and associated 
costs a t  the space platform. 
We can a l so  see tha t  the number o f  channels broadcast by the p la t fo rm 
affects the economic t radeof f  o f  ground versus space corits. For only  one 
channel broadcast by the platform, 33 kW i s  saved fo r  an iecrease of $100 
In  ground cost (per receiver).  For f i v e  channels o f  TV, 5 X 33 kW = 165 kW 
i s  saved f o r  the same $100 per unl  t receiver Increase. We see tha t  f o r  a 
large number of channels, i t  becomes more economic t o  increase ground cost. 
Another factor  tha t  must be taken i n t o  account, when increasing the cost 
of the ground receivers, i s  the e f f e c t  o f  the receiver :-st on the number of 
expected users. Since the p r i n c i p l e  aim o f  the educational TV service i s  t o  
reach as many customers as possl ble, the cost must be kept low fo r  h lgh  usage. 
A comparison o f  the l i n k  budget f o r  COMSAT (a t yp i ca l  small sa te l l i t e )  
and the p l a t f o m  concept, i 1 lus t ra tes  the d i f ferences i n  antenna gains, not se 
temperatures and requi red transmi t power a t  the ipacecraft .  See Figure 27. 
The greater power generated by the  p1atfor.a i s  p r imar i l y  due t o  the 
higher noise temperature o f  the receiver and lower gain o f  the receiv ing 
antenna. The antenna gain o f  the p la t fo rm study i s  constrained by: 
1. Ease o f  set-up 
2. Point ing accuracy requlred ( la rge beamwidth) 
3. Cost 
4. Weight/durabi 1 i t y  
'i 0 
- A 2.3 foot  d ish  ground r - z e i v e r  has a 3 dB beamwidth o f  2.8 degrees compared 
to the 5.9 foo t  d ish which has beamwidth o f  1 degree. 
Cost o f  an antenna usual ly  var ies inversely w i th  the square o f  the 
. 
diameter. At $20.00 f o r  a 2 foo t  dish, t h i s  would b e ~ ~ e  about $100.00 fo r  
a 6 foot dish, Th is  $80.00 increase per antenna f o r  one m i l l i o n  antennas adds 
$80,000,000 t o  ground costs. For these reasons, a 2.3 foot  d i sh  i s  considered 
a f i xed  parameter fo r  the p lat form study. 
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Figure  27. L l  NK BUDGET CALCULAT l ON COMPARl SON 
r LINKDESCRIPTION -
-L +G - L  -L -L -BO+GRX-K-T -B - L  -L -Margin 
'T C TX P A E S RF T PO1 
E S 
PLATFORF 
11 GHz 
+27.5 
-1 .C 
0 
+45 
-3.c 
- C 
- d  
+68. c 
-205. C 
-.2 
+35. E 
l nc 1 udea 
(1.0) 
-101.4 
-228.6 
+37. 6 
+75.1 
-1 15.5 
+3.c 
- 1  12.5 
1 1 . 5  
11.2 
+. 3 
48. f 
9. i 
15. C 
REMARKS VAI 
COMSAT 
-
11 GHz 
+20.0 
-2.0 
-3.0 
+37.0 
-3.0 
0 
+49.0 
-205.6 
- *  7 
+44.8 
nc 1 udec 
(95) 
-1 12.5 
-228.6 
+27.8 
+75* 2 
-125.6 
+3.0 
-122.6 
10.1 
10.1 
0 
49.6 
10.1 
,t 
- 
COMSAT PARAMETER 
Frequency 
PLATFORM 
Power Generated 
C i rcu  i t Losses 
Backof f 
Transmi t 
Antenna Gain 
565 wat ts  100 wat ts  
I Beam Nat ional  
Eovefage 
32 Beam CONUS 
:eve rage 
(individual Beam 
:on t r o l  ) 
L~ 
L~~ 
E l R P  
Pa t te rn  Edge 
Loss 
'Antenna Po in t i ng  
Loss 
E f f .  I s o t r o p i c  
Rad. Power 
Space Loss 
Atmospheric 
Loss 
Receive Antenna 
Gain 5.9 f t  d ia .  
.go Beamwidth 
23 f t .  d ia .  
2.6' Beamwidth 
(Easier Po in t ing)  C i  r c u i  t Loss 
Ca r r i e r  Power 
Bottzmanns 
Constant 
Rece i ve Sys tem 
Noise Temp. 
No i se 
Bandwidth 
Noise Power 
Margin 
Ca r r i e r  t o  
Noise Ra t i o  
) Required C/N 
Above Margin 
Requ i red 
)TOT Requ i red 
) Requ i red 
Imp. Factor 
Power 
g rea te r  
than 10.1 dB. 
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ILLUMINATION PROPERTIES OF SUN SYNCHRONOUS ORBITS 
Sun-synchronous o r b i t s  a r e  character ized by what may be ca l l ed  preces8ionaZ 
s tab i l i t y .  This means t h a t  t h e i r  rate of precession compensates f o r  ' the e a r t h ' s  
revolut ion about the sun. Thus, the  r e l a t i v e  cons t e l l a t i on  of sun and the  o r b i t  
remains invar ian t ,  as i f  the o r b i t  was f ixed  i n  i n e r t i a l  space with respect  t o  
an e a r t h  no t  revolving about t he  sun. The r e f l e c t o r s  a r e  l i ned  up along the 
o r b i t  a t  equa l  i n t e r v a l s  a t  most a few degrees apar t .  The o r b i t  is a  fixed-in- 
space r i ng  with closely spaced r e f l e c t o r  un i t s .  Within t h i s  r ing,  the e a r t h  
ro t a t e s .  A sur face  po in t  completing one c i r c l e  a t  i ts l a t i t u d e  per 24 hours.  
faces  the o r b i t ,  hence, t h e  r e f l e c t o r  is i n  the same pos i t i on  ( r e l a t i v e  t o  
i t s e l f )  each n ight .  Orbit  pos i t ion  and l a t i t u d e  of t he  target determine the  
n igh t ly  i l luminat ion pa t t e rn  ava i l ab l e  t o  the  t a rge t .  
Figure 1 shows the  i l luminat ion geometry f o r  a  t y p i c a l  Lunetta cons te l la t ion .  
Assume t h a t  t he  r e f l e c t o r s  a r e  used t o  illum!.nate the  t a r g e t  only within a  given 
e leva t ion  m g l e  above the l o c a l  horizon. Seen from space, the focus of the  lowest 
permissible  e leva t ion  l i n e  is a c i r c l e  which can be r e f e r r ed  t o  a s  useful i l lumina- 
t i on  area.  Larger i l lumina t ion  c i r c l e s  r e s u l t  i n  a  lower quality of the l i g h t  
because the Lunetta i s  nearer  t o  the horizon, hence, the  foca l  a r ea  becomes highly 
e l l i p t i c  and the  path length through the  atmosphere increases  rapidly.  Both 
-. f a c t o r s  reduce the t o t a l  illuminance. The f i r s t  f a c t o r  a l s o  c r ea t e s  a  much 
l a r g e r  i l luminat ion a r ea  thr..i the t a r g e t  a r e a  t o  be i l luminated,  which reduces 
the  degree of c o n t r o l l a b i l i t y  over who does the does no t  receive l i g h t .  
While passing through the  usefu l  i l lumina t ion  a r e a  the  t a rge t  i n  its cen te r  
receives  l i g h t .  The amount of l i g h t  received becomes a  maximum i f  the r e f l e c t o r  
chain passes through the cen t e r  of t h i s  c i r c l e .  Shorter  t r a n s i t s  r e s u l t  i n  a 
lower degree of i l luminat ion.  
The o r b i t  posi t ion is given by i t s  i n c l i n a t i o n  (which, i n  a  sun-synchronous 
o r b i t  i s  a function of a l t i t u d e ,  o r  v ice  versa) and the  time of i ts  maximum 
l a t i t u d e .  I f  the time of maximum 1ong i t -d~  i s  midcight, as i n  the case of 
Orbi t  A i n  Figure 1, then the  o r b i t  plane faces  t he  sun a s  d i ~ e c t l y  a s  i ts 
i n c l i n a t i o n  permits. Figure 1 shows the  i l luminat ion pa t t e rn  with Orbit  A i f  
the  t a rge t  is at Lat i tude 1 o r  2. In the  f i r s t  case, Illuminance Curve A-1 i s  
obtained. The t a rge t  within i t s  given usefu l  i l lumina t ion  a rea  receives  no 
l i g h t  p r i o r  t o  about 21.40. A t  22.00 the segmental t r a n s i t  i s  s t i l l  very small ,  
s o  t h a t  very l i t t l e  l i g h t  i s  received. Within the next two hours,  the i l lumin- 
ance l e v e l  increases  rapidly.  A maximum is  reached a t  midnight and, t h e r e a f t e r  
the  i l luminance decl ines  again i n  t he  same way i n  which i t  increased before.  
I f  the t a r g e t  is a t  Lat i tude 2, however, a  d i f f e r e n t  pa t t e rn  (A-2) emerges. 
This pa t t e rn  is more e f f i c i e n t ,  s ince  the o r b i t  is used twice, y ie ld ing  maximum 
illuminance a t  22.00 and 2.00. But no l i g h t  is received a t  midnight. 
Intermediate pa t t e rns  emerge i f  the t a rge t  l a t i t u d e  l i e s  between 1 and 2 .  
Outside t h i s  band, which equals  the radius  of the usefu l  i l luminat ion c i r c l e ,  

Rockwell International 
spa- 
maximum illuminance cannot be a t t a ined  a t  any time. But t h i s  example shows 
t h a t  a s i ng l e  illuminance period o r  two per iods can be obtained - and t h a t  t he  
i n t e r v a l  between the  two periods can be s e l ec t ed  within c e r t a i n  l i m i t s  - by 
properly s e l ec t i ng  the maximum l a t i t u d e  ( i nc l i na t ion )  and the maximum l a t i t u d e  
pos i t i on  of the o r b i t ( s )  with respec t  t o  the  t a r g e t  l a t i t u d e .  
This can be useful ,  e spec i a l l y  f o r  Bioso le t ta  i l lumina t ing  an ocean aree 
t o  simulate,  f o r  example, ke lp  growth throughout the  year,  For Lunetta and 
Powcrsoletta, these i l luminat ion pa t t e rns  a r e  not  l i k e l y  t o  be s a t i s f a c t o r y .  
The i l lumina t ion  pa t t e rn  can be shaped f u r t h e r  by d i s t r i b u t i n g  the  same 
number of r e f l e c t o r s  over s eve ra l  o r b i t s  (co-orbits).  Figure 1 shows the  
case of th ree  co-orbits (A, B and C) i l luminat ing a t a rge t  a t  Lat i tude 2. The 
r e su l t i ng  pa t t e rn  y i e ld s  a more even i l luminat ion;  however, a t  a lower l e v e l  
s i nce  each o r b i t  now c a r r i e s  only one-third of the l i g h t i n g  power of Orbit  A 
alone. Obviously, i f  each o r b i t  would car ry  more than one-third, the pa t t e rn  
would not  change, but the  i l luminance l e v e l  would be raised.  I n  t h i s  case, 
of course, a l a r g e  number of r e f l e c t o r s  must be i n s t a l l e d .  It is a l s o  poss ib le  
t o  inf luence the i l luminat ion pa t t e rn  by assigning d i f f e r e n t  l i g h t i n g  power 
l eve l s  t o  each o rb i t ,  e.g., 40 percent t o  B and C each; 20 percent t o  A. 
Thus, f o r  a proven l a t i t u d e  - o r  f o r  a proven, l imi ted  l a t i t u d e  band - 
the i l luminat ion pa t t e rn  is determined by: 
1. The number of co-orbits 
2. The time pos i t i on  of t h e i r  maximum l a t i t u d e  passage 
3. The l i gh t ing  power (number of r e f l e c t o r  un i t s )  
assigned t o  each co-orbit 
The l i g h t i n g  l eve l ,  of course, i s  determined by t h e  l i g h t i n g  power i n  each 
co-orbi t . 
The f a r t h e r  north (or  south) the  t a rge t ,  the  higher must be  the  o r b i t  
i nc l i na t ion  r e l a t i v e  t o  the  equator. The higher  the i nc l i pa t ion ,  the lower 
the a l t i t u d e  of the  sun-synchronous o r b i t ;  hence, t h e  smaller  t he  i l luminated 
a r ea  and the smaller the ove ra l l  r e f l e c t i n g  area.  
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SPECIFIC ILLUMINATION PATTERNS FOR VARIOUS LATITUDES AND PURPOSES 
Because of t h e  l a r g e  number of v a r i a b l e s  e n t e r i n g  i n t o  o r b i t  s e l e c t i o n ,  
t h e  s e l e c t i o n  of t h e  optimum o r b i t ,  i n  terms of i n c l i n a t i o n l a l t i t u d e ,  number 
of co-orbi ts  and l i g h t i n g  power p e r  co-orbi t ,  i s  extremely complex and r e q u i r e s  
s p e c i f i c  t a s k  d e f i n i t i o n s .  
Nevertheless,  i t  is p o s s i b l e  t o  goin  cons iderab le  i n s i g h t  by d i s t i n g u i s h -  
i n g  between high,  medium and low l a t i t u d e s  and by cons ider ing  t h r e e  d i s t i n c t  
func t ions  - i l l u m i n a t i o n  (Lunet ta) ,  a g r i c u l t u r a l / o c e a n i c  s t i m u l a t i o n  (Agri- 
s o l e t t a ,  n o t  t h e  l a r g e  Bioso le t t a ,  i n  geosynchronous o r b i t  desc r ibed  p rev ious ly ) ,  
and e l e c t r i c  power genera t ion  (Powersole t ta) .  
ILLUMINATION AT HIGH LATITUDE 
For i l l u m i n a t i o n  of t a r g e t s  a t  50' t o  65' l a t i t u d e ,  an o r b i t  at 0- = 65" 
may be se lec ted .  I f  the  Lunet ta  is used t o  i l l u m i n a t e  n o t  c i t ies  b u t  remote 
i n d u s t r i a l  ( o i l ,  gas, mining) opera t ions  i n  t h e  h igh  n o r t h ,  t a r g e t s  a t  70' 
l a t i t u d e  o r  h igher  could be i l lumina ted  s i n c e  m u l t i - d i r e c t i o n a l  l i g h t i n g  (along 
north-south a x i s )  does n o t  appear important  i n  c o n t r a s t  t o  c i t y  i l l u m i n a t i o n .  
Figure  2  shows t h e  r e s u l t s  of an a n a l y s i s  of a  Lunet ta  system i n  which 
t h e  primary func t ion  is  t h e  i l l u m i n a t i o n  of remote i n d u s t r i a l  a c t i v i t i e s .  The 
maximum l a t i t u d e  i s  65'. Three co-orbi ts  (A,  B, and C) wi th  A and C n e a r  
maximum d i s t a n c e  of bax, passage o f f  midnight. Targets  a t  l a t i t u d e  sou th  of 
65' r ece ive  an i l l u m i n a t i o n  peak around midnight. The peak is  more g radua l  
c l o s e r  t o  65'. Thus, t h e  i l luminance curves f o r  55' and 50' N would f i t  a  n i g h t  
s h i f t  from 22:OO through 2:OO. A t  60°, h igher  i l luminance is  provided from 
21:OO t o  3:OO. If t h e  same p r o f i l e  is d e s i r e d  f o r  l o c a t i o n s  a t  55', Pmax should 
be 60' r a t h e r  than 65'. The 60' p r o f i l e  can be evened ou t  by l i f t i n g  the  d i p  
around midnight. This  can be done by lowering Pmax f o r  B t o  60'. Inc reas ing  
t h e  l i g h t i n g  power of B would n o t  he lp ,  s i n c e  t h i s  would a l s o  r a k e  t h e  peaks 
a t  22:30 and 1:30. I n  f a c t ,  i t  was necessary  t o  lower t h e  l i g h t i n g  power of B I 
i n  o rder  t o  avoid g r e a t e r  uneveness i n  any of t h e  p r o f i l e s .  t 
The 70' p r o f i l e  shows the  comparatively longes t  pe r iod  of even l i g h t i n g .  
But i t s  o v e r a l l  lower i l luminance i n d i c a t e s  t h e  f a c t  t h a t  d i a m e t r i c  t r a n s i t  I 
obviously is  n o t  p o s s i b l e  f o r  a t a r g e t  l a t i t u d e  above Bmax. I n  t h i s  p r o f i l e ,  
t h e  dip around midnight could b e  e l imina ted  by r a i s i n g  am,, f o r  B t o  about 68'. 
The i l luminance l e v e l s  of the  p r o f i l e s *  a r e  based on t h e  nominal l i g h t i n g  
power (maximum i l luminance a t  z e n i t h )  of 200, 100 and 200 moons f o r  O r b i t s  A, 
B and C,  r e spec t ive ly .  Table 1 shows t h a t  t h i s  Lunet ta  would be q u i t e  small, 
e s p e c i a l l y  i f  t h e  nominal l i g h t i n g  power i s  based on z e n i t h  p o s i t i o n  on which 
cond i t ion  the  i l luminance i n  Figure  2 a r e  based. This s i z e  would y i e l d  
almost a 3 a confidence l e v e l  f o r  a l l  weather cond i t ions  i f  i l luminance l e v e l s  
down t o  5 - 10 noons were adequate. 
*These and a l l  subsequent va lues  r e f e r  t o  c l e a r  n i g h t  i l luminances ,  F i n a l  
system s i z i n g  must, of course,  take  cloud coverage i n t o  cons idera t ion .  

Table 1 .  Lunetta f o r  High La t i tude  Illumination 
( ~ e f l e c t i v i t ~  p = 0.35; Mean Ref lec t ion  Angle 65') 
ORB l T 
-
Nominal Lighting Power @ Zeni th  (Muons) 200 
Limiting Elevation Angle, € 1  lm (0") 40 
Diameter of E-Ci rc le  (Oeg) 39.2 
Ref lec t ing  Area, A r ,  w i th in  
€ -Ci rc le  f o r  Above Nominal 
Liqhting Power (km2) 
Total  Ref lect ing Area t o  Maintain 
A, w i th in  €-Circ le  Continuously,  
~ r ,  t0t(km2) 1.66 
If Sized f o r  Nominal Lighting Power 
Not a t  Zenith,  but a t  c l i  , then 
Lighting Power a t  Zenith Issomas 
(Moons ) 520 
Illuminance Levels i n  F igure  
a r e  Raised by Factor 
Ar, t o t  ( h 2 )  
ILLUMZK.'i'?ION AT MEDIMUM LATITUDE 
The major i ty  of l a r g e  c i t i e s  a r e  l o c a t e d  between 50" N and 30" N. This 
means a Lunet ta  f o r  i l l u m i n a t i n g  medium l a t i t u d e s  w i l l  most l i k e l y  have t h e  
func t ion  of i l l u m i n a t i n g  l a r g e  c i t i e s  and i n d u s t r i a l  r eg ions .  
I n  t h i s  case,  Bmax should be 60" i f  major emphasis i s  placed on the  40" 
t o  55' b e l t ,  o r  50" i f  more emphasis i s  placed on t h e  75" t o  45" region.  
Moreover, a l a r g e r  number of co-orbi ts  i s  requ i red  over t h e  maximum t u r n i n g  
range of the  o r b i t ,  t o  assure  a re l . a t ive ly  high i l luminance l e v e l  a t  mid- 
evening and pre-dawn hours. 
Figure  3 shows tho, r e s u l t s  of the  . n a l y s i s  of a f i v e  co-orbi t  h n e t t a  
system (Orb i t s  A t h r u  E) wi th  Bmax = SO0 and wi th  p a r t i c u l a r l y  s t r o n g  l i g h t i n g  
power i n  O r b i t s  A and E, 
The i l luminance p r o f i l e  f o r  a t a r g e t  1 : r i tude  of 45" N shows s t r o n g  l i g h t -  
i n g  f o r  most of the  n i g h t  wi th  a broad maximum between 23:OO and 1:OO. I l l u m i n x x e  
f a l l s  o f f  nea r  sunse t  and s u n r i s e ,  when t h e  need f o r  I u n s t t a  fades .  The p r o f i l e  
f o r  a t a r g e t  a t  50" (= &nax) shows an even broader  maximum (22.00 through 2.00). 
But, t h e  i l luininance exper iences  a f a i r l y  s t e e p  d e c l i n e  i n  the  pre-dawn hours 

( a f t e r  3:OO) and i s  a t  a correspondingly f a i r l y  low l e v e l  between 20:OO and 
22:00, The 35' p r o f i l e  ind ica tes  a high and s t a b l e  l i g h t i n g  l e v e l  18:00 - 22:OO 
and 2:00 t o  6:00, which is  qui te  desirable .  Around midnight, the  l i g h t  l e v e l  
rises s ign i f i can t ly  --which is due t o  the f a c t  t h a t  the cross-over point  of 
the two b r igh te s t  o r b i t s  (A and E) occurs over 35' N. The midnight peak recedes 
between 35' and 30°, t h a t  is, f o r  c i t i e s  such a s  Los Angeles, Houston and others .  
Again, the illuminance l eve l s  of the p r o f i l e s  shown i n  Figure 3 a r e  based 
on the  nominal l i gh t ing  power of the co-orbits a t  the zeni th  of the usefu l  a rea  
of i l lumination. For these conditions,  Table 2 shows tha t  the ove ra l l  re f lec-  
t i n g  a rea  t o  be i n s t a l l e d  i n  a l l  f i v e  co-orbits together i s  about 12 km2. 
Table 2. Lunetta f o r  Radluum Latitude Illumination 
( ~ e f l e c t i v i  t y  p = 0.95; Mean Reflection Angle 50') 
ORB l T 
-
A 
___I 
Nominal Lighting Power a t  
Zen i th ( ~ o o n s )  2 50 
L i m .  Elevation Angle, E ,  i m ( ~ e g )  45' 
Diameter of €-Circle ( ~ e g )  41" 
Reflecting Area, A r ,  within 
€-Circle f o r  above Lighting 
Power (krn2) 0.4 
Total Reflecting Area t o  
Maintain A within €-Circle 
~on t inuous fy ,  (krn2) 3.52 
I f  Sized f o r  Nominal Lighting 
Power a t  E l i m ,  then Lighting 
Power a t  Zenith (E = 90') 
Becomes ( ~ o o n s )  508 
As mentioned before,  Bmax should be 60' fo r  primary emphasis on the 40' t o  
55' l a t i t u d e  band. The p r o f i l e s  would look s imi l a r  a s  i n  Figure 3 , but  each 
f o r  a 10' higher l a t i t u d e .  For prime emphasis on the 35' t o  S O 0  band, the 
maximum l a t i t u d e  should be 55 ' .  Most of t he  major c i t i e s  i n  North America, 
Europe, southern Russia and Japan a r e  located i n  t h i s  b e l t ,  Therefore, t h i s  
maximum l a t i t u d e  was chosen. 
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